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PREFACE. 



I 



Im the following treatise I Lave applied the eimpler pro- 
ceBECB of Algebra to the discneeion of the subject of strains 
in single span trnsses, and have obtained many formulas for 
practical application, sufficiently elucidating this method, I 
hope, to render easy the determination of other formnJEe 
adapted to any form of truss that ingenuity may suggest. 
Only algebraic processes have been employed, because they 
are simpler, more comprehensible, more practical, and more 
accurate in practice, than those of the higher mathematics. 

Uniformly distributed loads alone have been considered, 
whether full or partial, since it may be possible to load 
each part with the load which may be brought upon any 
one part; and if we consider the density of the whole load 
to equal tlie maximnra density at any point, any other case 
can only produce a less strain. 

No comparison is made between the different systetOft 
which are given, many of them for the first time, since 
practical details of construction afiect the theoretical economy,, 
and to fully consider these would be beyond the scope of 
the present volume; there are many cases, however, where 
the practical difficulties may be ignored, since they are so 
nearly equal and a comparison readily made. The changes- 
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in the fonn of a tnu» canned by a want of rigidity, or 
temperature^ will not affect the valaee of the formnlce. The 
discoflsion of the strains affecting cbrawbridges, leading directlj 
to the B^bject of cantilever trosseB, which indndes continu- 
ons trusses, the Sedley systemi and many other important 
forms, for which we have no practical formnlsB, mnst, with 
the subject of aK^ed trusses, be reserved for a future volume. 

Kbw Yobk, Janua/ry, 1878L 
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CHAPTER L 



1. Truss. — ^The term Truss is generally applied in 
Engineerincr to a frame work constructed to transfer 
its own weight and a weight imposed upon it to the 
supports or abutments on which it rests, and whose 
members are subject to longitudinal strains only. 

3. §trains. — ^The strains affecting a truss are of but 
two kinds; compression or thrusting, and tension or 
pulling. 

8. Clioriis. — A chord is the outer longitudinal con- 
tinuous member of a truss. There are two chords in 
a truss ; an upper and a lower chord. 

4. Braces. — ^Braces are the members of a truss con- 
necting the chords, 

5. Ties. — ^Ties are those braces which are subject to 
tension. 

6. §trato. — Struts are those braces which are subject 
to compression. 

T. Panels. — ^The term panel is now generally applied 
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to the divisions of the truss which are formed by the 
vertical braces, or by the intersections of the braces with 
the chords. 

The investigation of strains in trusses may be based 
upon the three following laws, given and demonstrated 
in elementary works on Mechanics : 

9, The iiever. — If a weight he home hy a heam or 
ti'uaa^ resting at its extremities upon two supports^ these 
supports may he considered as reacting with two upward 
pressures^ whose sum is equal to the weight; and the 
weight home hy either support^ or the reaction of either 
support^ is to the whole weight as the distance from the 
centre of gravity ofiheweighi to the farther support^ is to 
the whole length of the beam or truss. 

W 




Fig. 1. 

Thus, let W, Fig. 1, represent the weight borne by 
the beam or truss, S and S' the reactions of the sup- 
ports, m and n the distances of the weight from the 
supports, and I the length of the beam or truss which 
equals m + n ; then, by this law, 

S + S' = W 
S':W:: mi I 

or, the reaction of one abutment or support is eqtuxl to the 
whole weighty divided hy the length of the heam, and mid- 
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tiplied by the distance of its centre of gra/oity from the 
other support 

This principle of the lever cannot be affected by any 
shape of the beam or by any bracing within a truss. 

Ex. — Let W = 12 tons, m = 6 feet, and 71 = 3 feet ; 

0/ 12X6 
.'. == /» . Q == 8 tons, 

and 

o 12X3 , 

S = ^% ■ q = 4 tons. 

9. Ret olatlon of Forces. — If three forces dating at 
one point balance ; three lines parallel to their directions 
will form a triangle whose sides will be proportional to 
theforces. 





Fig. 2. 

Let the lines B, C and D, represent three forces, 
either pulling or thrusting, and balancing each other at 
A. Draw EF parallel to C to any scale, and through 
E and F, draw EG and FG parallel to B and D. 
Then the length of the sides EF, FG, and EG are 
proportional to the amounts of the forces, C, B and D. 
Again, if C be a force acting at A whose amount and 
direction are represented by the line EF ; EG will rep- 
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resent its horizontal component, or force in a horizoii- 
tal direction, and FG its vertical component or force 
in a vertical direction ; or a force may be resolved into 
two components, acting in the lines of and equal to the 
two forces which keep it in equilibrium. 

Hence, it is evident that if we know either the verti- 
cal or horizontal component of an inclined force and its 
inclination, we may determine its amount and its other 
component ; or if the force and its inclination be known, 
its horizontal and vertical components may be readily 
found ; for in either case we have the angles and one 
side of a right-angled triangle. 

If three members of a truss or frame meet as at A, 
Fig. 2, the strains to which they all are subject are of 
the same character, either all compression or all tension. 
If two of the three members of a truss meeting at one 
point are on the same side of the line of the third, they 
are subject to different strains : the outer members, or 
those which make the greater angle Tvdth each other, hav- 
ing the same kind of strain, and the interior member 
the opposite strain. 

Thus, in Fig. 3, if B be subject to tension, C is likewise 

B B 




Fig. 8. 



subject to tension and D to compression, and if D be 
subject to tension, B and C are subject to compression. 
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10. The Equality of Klomeuu. — Tlie moments of the 

I forces or strains acting ujion a body in equilihrivvi 

\ which teiid to turn it in one direction about a certain 

point are equal to the moments of the forces or strains 

which tend to turn it in the oj^iosite direction ; the forces 

and tJie point being in the same plane. 

The moment of a force at any point is its amount 
multiplied by its distance at right angles to its direction 
from the point about which the moments are taken. A 
force whose line of direction passes through a point 
about which moments are taken has no moment at that 
point. 

In Fig. (1), taking moments about the left support, 
I ■we have W, the force acting downward multiplied by m, 
its perpendicular distance, for the moment of the weight 
in one direction ; and S', the reaction of the right sup- 
I port acting upwards, multiplied by I, its perpendicular 
I distance, for the moment of the force in the opposite 
I'direction : S having no moment. Hence this equation 
rinay be formed, 



b - -p. 

as before. 
II. — In trusses, each member may represent the line 
of some force or strain, and to take moments with accu- 
racy, it is necessary to select a point in a vertical section 
cutting only one member of the truss whose line of 
direction does not pass through the point 
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Thus, in Fig. 4, the momenta may be taken aroun 
b in the vertical section db, to determine the strain i 
cd; because the strains in dh and ccd, passing throag 



S\M\S 



» / 

Big. 4. 

b, hare no moment, and consequently do not enter th 
equation. Bat if the momenta be taken around e be 
tween h and /, .the vertical section will cut df and dg 
and the two unknown strains contained in them wil 
enter the equation and render it indeterminable. 
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CHAPTER IL 

CASE I. — A SIMPLE TBU8S 8UPP0BTED AT THE ENDS, AND 

LOADED AT THE CENTEE ONLY. 

A B C D EmTaBhBel K 




A IS C D BmYiMOaei Hl 



M N O P Q a B $.?. iT^^U^V, 

<••• — a?* — i 

Fig. 6. 

13. — ^Let w = the weight upon the centre, 
I = the length of the truss, 
d = the depth of the truss from centre to 
centre of the chords, 
X and ocf = horizontal distances from one abutment 

to the vertical braces or ends of a panel, 
H and H^ = horizontal strains in either chord at the 

points X and a/, 

V = vertical strains, which affect the braces 

only. 

The strains caused by any load in the upper chord 

of a truss of a single span can evidently be compression 

only, while those in the. lower chord can be tension only. 

13. Tbe Horizontal Strain. — ^In this case the weight 

home by either abutment or the reaction of either 

w 
abutment is evidently -g-. The segment to the right of 

a vertical section through bf^ for example, is kept iji 
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equilibrium by the reactioo of the right abutment an 
the strwDS at b and^! 

Taking momenta around f dUtant x from the righ 

abutment, we have the reaction of the abutment, -^,mult 



in the opposite direction we have only the strain H at I 
which, multiplied by its distance, d, gives the momen 

Whence Hrf = ^, 

And, H = g, .... (2) 

H. — In Eq. (2) H varies directly as ac, and is greal 

I 
est, when x is greatest, that is, when it is equal to -g- 

at the abutment becomes zero, and varies at any poin 
directly as the weight and inversely as the depth. 

IS. — The amount of horizontal compression at thi 
point J, shown by Eq. (2), is, on the left, the strain in ai 
and on the right the strain in be and the horizontal com 
ponent of the strain in bg; and that a strain exists ii 
the latter may be shown as follows: Take moment 
similarly arounil g, distant sf from the right abutmen 
and we obtain, 

H' = ^ .... (3) 

for the compression in be; less than the compression ii 
od, because a/ is less than x. 
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Subtracting Eq. (3) from Eq. (2) wc have, 

for the excess of compression in ab over that in he. 
This force may be considered as the sole horizontal force 
acting at 6, for the remainder of the strain or the thrust 
at that point in ah balances that in he- We have 
therefore a thrust, H — H', towards J, which must be 
balanced by the strains in hf^ and Ig, as they are the 
only members meeting at h. Therefore, the strain in 
hg is (9) compression, and the strain in If is tension ; 
and the horizontal component of the former is equal to 
H — H', the horizontal force at i, and its vertical com- 
ponent is equal to the strain in bf. 

16. The Vertical Strain. — Let the length of the strut 
hg represent the longitudinal strain to which it is subject ; 
he will therefore represent its horizontal component, or 
the value of U — H', and hf'iis vertical component or tlie 
amount of tension in that tie; the latter may then be 
obtained from the former by the following proportion : — 



he : hf, ox X — :tf : 



2j (X - a;-) : 



"Whence 



(5) 



Sa the vertical strain in hfanH the vertical component of 
the strain in 6^ ; and, since it is a constant, the verti- 
cal strain in all the braces. It is likewise independent 
of the length and depth of t!ie truss, and is equal to the 
reaction of the abutment 

-The horizontal component of the strain in the 
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struts, -— (x — a/)j is a constant, if the length of the 

panels, x — a/ is uniform ; but unlike the vertical strain 
is affected by the depth of the truss and by the inclina- 
tion of the braces, or the length of the panels. 

18.— The longitudinal strain in the struts is readily 
determined from the horizontal or vertical component : 
from the latter as follows : — 

a constant if the struts be of uniform length. 

19. — ^The tension in any member of the lower chord 
is determined similarly to the compression in the upper 
chord. Taking moments around &, we have, as before, 

for the tension at/, the whole of which is contained in 
fg^ and at g the tension is, 

H' = "oT? contained in gh. 

Their difference is an excess of tension in fg which 
gives us as before, tension in eg and compression in bg ; 
the amounts of which can be determined from the changes 
in the amounts of strain in the lower chord as well as 
from those in the upper chord. 

Hence, the general form of Eq. (2) gives, in the case 
supposed, the horizontal strains in the upper chord on 
the side towards the centre of the points to which x is 
measured, and in the lower chord on the abutment side 
of the same points, and x may be measured from either 
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end to the weight It will be noticed that when the 
upper ends of the braces are inclined towards the weight 
tiiey are struts, when verticul, ties. 

so. — Example : Let Fig. 5 represent a truss sixty feet 
long and five feet deep, divided into twelve panels of 
uniform length and supporting a weight of eighty tons 
at the centre. 

Then, w; = 80 tons, 

/ = 60 feet, 
d~ 5 feet 
X — of = h feet, a panel length. 
Length of struts = /6' + 5' = 7.07. 



"Wlience 



;- ^ 40 tons, tension in all the ties. 



80 X 7.07 



: o6.56 Tons, compression in all 



H = -^ = 



80 a; 



2c! ~ 2 X 5 " 

The different values of x or distances to the ends of 
Ihe panels are, 5, 10, 13, 20, 25, 30. 

In the following table the first line gives the values 
Oi X, the second line the amount of strain in tons, and 
the third and fourth lines the chord members subjected 
to the strains in the same column : 



Valuea of a. 


B 


10 


IS 


20 


25 


80 


Stndna In Tons. 


40 


80 


120 


160 


200 


340 




A&E 


B&I 


C&H 


DiQ 


EftP 




Tension In. 


L&V 


M&U 


N&T 


OJfcS 


P4B 


Q 



12 
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There is no single member at the centre which takes 
all the strain in the upper chord. - 



CASE n. ^A SIMPLE TRUSS SUPPOKTED AT THE ENDS . AOT) 

LOADED AT A POINT BETWEEN THE CENTRE AND ONE 
ABUTMENT. 




M N O P QeRf SgT U V 
Fig. 6. 

ai. — ^Let w = the weight upon the truss, 
I = the length of the truss, 
d = the depth of the truss, 
X = the distance of one of the abutments 
to any one of the vertical braces or end 
of a panel, 
p = the horizontal length of a panel, 
m = the distance of the weight from the 

left abutment^ 
n = the distance of the weight from the 
right abutment, 
H and H' = the horizontal strains in the chords, 

V = the vertical strain. 
By the principles of the lever (8), the reaction of the 

right abutment is — j — The segment to the right of a 

vertical section through any panel end 6,, is held in equi- 
librium by the reaction of the right abutment and the 
strains at h and/. Taking moments around/, distant a? 
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pfrom the right abutment, we obtain, by the samo reason- 
^ as in the previous case, 



H = - 



(«) 



unnz 
df~' ■ ' 

for the horizontal strain at h, or the amount of compres- 
sion in bo. The value of H in this equation varies 
directly us x, and is greatest when x is greatest or equal 
to 7^, that is under the weight. If tlie moments to the 
left of w and the reaction of the left abutment be taken 
we shall have, 



H = 



wnx 



(7) 



m being measured from the left abutment. These equa- 
tjons also give the tension in the lower chord. If an- 
other point be taken in the section through cj;, one 
panel length nearer the abutment, we shall have, 

H-= """-(^-P\ ... (8) 

A value evidently less than the value of H in Eq. 
(6), showing that there is in he an excess of compres- 
Bion over the amount in ch. This excess may, as in the 
previous case (15), be considered as the sole horizontal 
force at c, and is equal to the horizontal component of 
the strain in </, which strain is (9) tension. The strain 
in eg is consequently compression and is equal to the 
vertical component of the strain in cf. 

Subtracting Eq. (8), from Eq. (6), we have, 

^ ~ ^ - ^r • ■ • <^) 

for the horizontal component of the strain in the tie cfy 
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and as it is a constant and independent oi any value of 
(T, for the horizontal component of the strain in any tie 
between the weight and the right abutment Similarly, 

.J is the horizontal component of the strain in the ties 

between the weight and the left abutment 

93. Terticai Strain. — ^The vertical component may be 
obtained from the horizontal component of the strain in 
the ties to the right of the weight, by the proportion 
used before : 

wmp wm 

P'^- di ' r 

Whence, V = -^; (10) 

is the vertical component of the strain in each of the ties, 
and the total compression in each of the struts in the 
right segment ; 

And similarly, V = -j- (11) 

is the vertical component of the strain in each of the ties 
and the total compression in each of the struts in the 
left segment 

as. — Hence we obtain this law, equally applicable to 
the previous case : The vertical strain in either segment 
of a truss loaded at one point only is equal, to the reaction 
of the abutment an which the segment rests. 

34. liongltadlnal Strain* — The longitudinal strain in 
the inclined braces may be, as before, obtained from this 
proportion ; as the depth of the truss is to the length of 



THE STBENGXH OF BRIDGES AND BOOFS. 



15 



the brace, so is the vertical reaction of the abutment to 

the strain ; or, 

, , wm wm (be) 

%A* • I/O • • » • J J 9 

the tension in the ties to the right of the weight And 
similarly the tension in the ties to the left of the weight 
may be found. 

35. — ^Example: Let Fig. 6 represent a truss sixty 
feet long and four feet deep, divided into twelve panels 
of uniform length and supporting a load of sixty tons at 
the distance of twenty feet from the left abutment 

Here — i^; = 60 Tons, 
I = 60 Feet, 



H = 



d = 


4 


(4 


m = 


20 


U 


n = 


40 


44 


vrrnx 


60x20X0; 



= 5 aj. 



dl ~ 4X60 
Substituting the different values of x or the distances 
from the right abutment to the panel ends, we obtain the 
following strains in the right segment This table is 
arranged as was the previous one. 



Values of x. 


5 


10 


15 


20 


25 


80 


85 


40 


Strains in Tons. 


25 


50 


75 


100 


125 


150 


175 


200 


Ck>mpreB8ion in. 


M 


L 


K 


I 


H 


G 


P 


E 


Tension in. 


W 


V 


U 


T 


S 


R 


Q 





For the left segment. 



TT wnx 60x40X0; -^ 



dl 



4X60 
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substituting the different values of Xj or the distaDces 
from the left abutments to the panel ends, we have the 



following : 



Value of X. 


6 


10 


15 


20 


Strains in Tons. 


60 


100 


150 


200 


Compression in. 


A 


B 


C 


D 


Tension in. 


N 





P 





The length of the ties is i/ 4' + 5* = 6.4 feet, 

:. — j—^ = 128 tons, 

The tension in each of the ties between the weight and 
the right abutment. 

^ — = 256 tons. 



And 



/ 



The tension in each of the ties between the weight and 
the left abutment. 

-T- == 20 tons, 

Compression in each of the struts to the right of the 

weight, 

vm 

-J- = 40 tons, 

Compression in each of the struts to the left of the 
weight. The strut immediately under the weight is 
subject to both amounts or 60 tons compression. 

ae. — If X in Eq. (6) be made equal to n or in Eq. (7) 
equal to m, we have in either case, 

win7h 

H = -^ • • • • m 
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for the horizontal strain under the weight; and if w in 
Eq. (2) be made equal to -^ we liave 

H = £^ . . . . ,13, 




% 



In Fig. 7. upon ai, made equal to /, describe a sem- 
icircle with a radius equal to -^ ; then the vertical cd will 
be a mean proportional between m and n, or 
m ' cd :: cd : n 
Whence mn = (cd)* 

Consequently, in a trv^s, haded with a single vmgkt, 
if the weight he placed at differed points^ the horizontal 
strains resulting therefrom under the load, are to each other 
as tlie squares of the vertical distances at the points where 
the weight is placed, between a horizontal line equal in 
length to the ti-uss and a semicircle inscribed thereon with 
a radius equal to half the length of the truss. 
\ AT. — The horizontal strain in either of the above cases 
between the weight and the abutment decreases at the 
panel ends in uniform quantities, and at these points 
passes through tlie inclined braces from one chord to the 
:her where it neutralizes an equal amount of the oppo- 
;te strain; or (Ac braces contain all the vertical strain 
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and an amount of horizontal strain equal to the total 
strain in one chord. 

In the first example above, the compression passes 
down the struts to the lower chord ; in the second, the 
tension passes up the ties to the upper chord ; hence, in 
a truss there is no neutral axis or line in which no horir 
2<yntal force exists. 



CASE m. — ^A TRUSS UNIFORMLY LOADED THROUGHOUT ITS 

LENOTH. 



ABODE FGHIK 




vwvi N^N.^^ 



Fig. 8. 




1 m 



-Let i^ 
I 

d 
X 

p 

u 



jV. 



i.. 



H 
V 



the whole weight upon the truss. 

the length of the truss, 

the depth of the truss, 

the distance to the end of a panel from 

one abutment 

the length of a panel. 

the distance from the same abutment 

from which x is measured, equal to 

X — —-? being the distance to the cen- 
tre of a panel, 
the horizontal strain, 
the vertical strain. 
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In a trusa the load is to be considered as concen- 
trated at the ends of the panels, for it is- at these points 
that the connections are made between the truss and the 
members of the bridge which receive the load. A half 
panel load is therefore borne hy either abutment 

3». HorizoDiai Strain. — The weight upon either abut^ 



section, HA, is held in equilibrium by the reaction of 
the right abutment, the load on hm, and the strains at 
H and /)■. Taking moments around h distant x from the 
right abutment, we have the moment of the right abut- 
ment, equal to — ^, in one direction, and the load on the 

segment to the right of H/i multiplied by the distance 
of its centre of gravity from h, for the moment in the 
opposite direction ; their difference is the horizontal 
strain at H multiplied by its distance d. 

The moment of the load on x may be found as follows : 
The weight coming directly upon the abutment is half a 

panel load, -~, its moment is therefore -^; the weight 

upon h has no moment, and the weight upon the remain- 



and the distance of its centre of gravity is -^; whence its 

^ . M' , ,03 WX* ivpx 

moment la -r- (a: — p) — ^ ^^— ■ 

I of the whole load on ,r 



n 



n 



I or the moment 



W7^ wpx mpx _ waf 
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can therefore form, for the horizontal strain, the follow* 
ing equation :— > 

XT T _ WB _ ttO* 

T' IT 

Whence ^ = ^-^ ' • ' d^) 

(The half panel load resting directly upon the abut- 
ment has been generally disregarded in calculating the 
strains in trusses as it does not affect the results ; but it 
has here been introduced because the equations are ren- 
dered simpler^ and w represents thereby the whole load 
upon the truss). 

Eq. (14) gives the compression in members of the 
upper chord, in the form of truss shown on the centre 
side of the panel end to which x is measured and the 
tension in the lower chord members on the abutment 
side of the same point, and is not confined as in the last 
preceding case to points between the centre of gravity 
of the load and the abutment, but is true for any value 
of fl?, which may be measured from either end. 

Differentiating Eq. (14), we shall find that H attains 

its maximum value when x = -5-, or at the centre ; where, 
substituting — for a:, we have, 

H = 83' • • • • (^^) 
Comparing this with Eq. (1 3) we see, that the hortzantctl 
etrain at the cefiire of a uniformly loaded truss is one 
half what it would be if the same load were concentrated 
at the centre. 
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At the abutment H becomes zero. 
so. — Example: Let Fig. 8 represent a truss 110 
feet long, 12.5 feet deep, divided into eleven panels of 
uniform length, loaded on the lower chord with a load 
of fifteen tons per running foot, or a total load of 165 
tons. 

Here I = 110 feet, 

d = 12.5 " 
w = 1 65 tona. 
Substituting the values of these constants in Eq. (14), 
we have, 

__ 165 a; 165 x* 

'2d 



H— "ST— o 



= 6.6a: —.06 a:* 



k: 



2dl 2X12.5 2X12.5X110^ 
Whence the horizontal strains in the chords are as fol- 



Values of a 


10 or 100 


SO or 00 


80 or 80 


40 or 70 


50 or 00 


Btnkins in Tons. 


60 


106 


144 


108 


ISO 




KL4BC 


IK&CD 


HI4DE 


GH&EF 


FQ 


Tension in, 


ImAab 


HAho 


a:Jtcd 


hi4:d» 


>f.fg&gh 



131. — Eq. 14, is the equation of a segment of a para^ 
bola whose diameter is equal to — referred to rectangu- 
lar axes, whose origin is at the intersection of the diam- 
eter with the curve. 
Let AX and AY, Fig 9, represent the axes, H be- 
mg measured on AX and x on AY. Make a; = 0, and 
H become zero, or the curve passes through the origin 
A; make a: = ? its maximum value and again H = 0, 
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or the curve iatersects AY at the dutaoce I from A 
wl_ 
2 """ " " 8rf 



make a: = -g- and H = nj-, its maximum value at tike 



vertex of the curve ; and at any point the distance be- 
tween AY and the curve represents the strain in the 
truss at that distance from the abutment ; practically this 
may be done as follows : — 




Let AB, Fig. 10, be equal to I, the length of the 
truss, and upon its centre, C, erect a perpendicular whose 

height ia equal to -q-j, by any scale. Then through ADB 
construct a parabola, and the length of any vertical be- 
tween AB and ADB by the same scale will give the 
horizontal strain in either chord at the distance from 
either abutment that the vertical is from A or B. 
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33. The Yeitlcal Strain. — ^Taking Eq. (14), 

at the end of any panel distant x from the abutment, the 
horizontal strain at the next panel end towards the abut- 
ment is, since the distance is a; — ^, 

^ U 2(fl • • • ^^^^ 

Subtracting Eq. (16) from Eq. (14) we have, 

TT TT/ «_ ^^^ v){^ — 'p) rvx* w{x—py 

^-^ -2d 2d 2d"^ M ' 

_ wp wp_ p 

~"2J~ dl ^^ 2'' 

and since a? — -^- = ti, 

n-W=~^-^^^^ 117) 

^ ^ 2d dl' ' ' ^^'^ 

The excess of horizontal strain in the upper chord 
thrusting towards the abutment beyond that thrusting 
towards the centre and which (9) consequently causes in 
a truss of this form compression in the inclined and ten- 
sion in the vertical braces. It is therefore at any point 
equal to the horizontal component of the strain in the 
strut at the same point, whose vertical component is 
equal to the tension in the tie which meets it at the up- 
per chord. This vertical strain can, as before, be ob- 
tained from the proportion, 

^ wp wpw w wu 

V = |-^. . . . (18) 






2 I ' 
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Whence — The vertical strain (U any point in a uni- 
formly loaded truss is equal to the weight boms by one 
abutment^ lees the weight between thai point and the abut" 
merit: the point being measured from the nearest abut- 
ment. Eq. (18) varies inversely with the different val- 
ues of w, being zero when w = -x^ or at the centre, and -£ 

when t^ = 0, or at the abutment. 

Substituting the values of the constants in the above 
example, Eq. (18) becomes, 

V = 82.5 — 15. u, 

and the different values of u are, 5, 15, 25, 35, 45, 
whence we obtain the foUowino^ table: — 



Values of u. 


6 


15 


25 


85 


4S 


Strainfl in Tons. 


75 


60 


45 


80 


15 


Tension in. 


Bb&Ll 


Cc&Kk 


Dd&n 


Ee&mi 


Ff ftOff 



When «^ = 55, V = 0, or there is no strain at the 
centre. 

33. liongltodlnal Strains In the Struts. — The longitu- 
dinal strain in any strut is the vertical strain divided by 
the depth of the truss and multiplied by the length of 
the strut. Performing this operation with Eq. (18) we 
have, since the length of a strut is 16 feet, 

L = 105.6 — 1.92 tc (19) 

whence we can form the following table of compression 
in the struts : 
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Values of u. 


6 


15 


25 


85 


45 


Strains in Tons. 


96 


76.8 


57.6 


88.4 


19.2 


Compression in. 


Lm&Ba 


Kl&Cb 


Ik&Dc 


Hi&Ed 


Gh&Fe 



34. — In Fig. 8, at the centre, Ihere is, as is shown by 
the Eq. (18), no vertical strain ; then taking the weight 
on the next panel point g, 15 tons, we find it produces 
a tension equal to its amount in Gg, and a vertical 
strain, or vertical component of a strain, of the same 
amount in Gh ; there the weight on the next panel point, 
h, is added to it, and the vertical strain in Hh and also 
in Hi, is equal to the sum of the two weights, and so on 
to the end of the truss. 

Now, suppose the load to be placed on the upper 
chord ; then the weight would be at G, and there would 
be no strain in Gg; but the vertical strain, or the ver- 
tical component of the strain in Gh, would be the same 
as the weight on G, and would equal the tension in Hh. 




If the braces were inclined the opposite way, as in 
Fig. 11, representing a panel to the right of the centre, 
and the load upon the lower chord,- there would be no 
strain upon ac, but the vertical strain in cb would equal 
that in bd; if the load was upon the upper chord, the 
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vertical strain in ac would equal that in be; or, in any 
case, the vertical strain is constant in the brcLces between 
the weights. The vertical strain, or the vertical com- 
ponent of the strain, in the inclined braces remains the 
same, whether the truss be loaded upon the upper or 
upon the lower chord, and whatever may be the inclina- 
tion of the brace. 

85. — ^Therefore, Eq. (18) gives the vertical strain^ or 
the vertical component of the strain^ in the inclined brcuXj 
whose centre is distant ufrom the abutment^ and the ver- 
tical or total strain in the vertical brace attached to the 
unloaded end of the inclined brace. 

96. — ^At the centre, as stated before, there is no ver- 
tical strain ; or, the vertical strain on either side of the 
centre of a uniformly loaded truss, passes to the abut- 
ment on that side, and if t^ in Eq. (18) be made greater 

than -s", V will have a minus value, whence this rule : 

In a vertical equation^ when V has a plus value, the ver- 
tical strain given therdyy is passing to the abutment from 
which u is measured^ when a minus value, to the oppoeite 
abutmsn*. 

ar.— Eq. (18.) 

w wu 

is the equation of a straight line referred to rectangular 
axes. Let AX, Fig. 12, on which u is measured, and 

AY on which the values of V are measured, repre- 

w 
sent the axes; when t^ = 0, then V = -5; and make 
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W 



I 



AB to any scale equal to -«» when ^ = "«? V = 0, 

therefore, lay off AC on AX equal to 5-, AD equal to I. 

Draw DE parallel and equal to AB and join BE. On 
AD, at the distances from A represented by the values 




Fig. 13. 

of t^, erect perpendiculars meeting the line BE, the 
lengths of these lines will give, by the same scale by 
which AB was measured, the values of V at the differ- 
ent points. The lines above AB showing the strains 
passing to the left abutment, those below, the strains 
passing to the right abutment. 

88. — ^The horizontal and vertical equations given 
above show, that where the horizontal strain is greatest 
there is no vertical strain^ and where the vertical strain 
is greatest the horizontal strain is least. 



i 



1 
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CAfiE IV.— A TRUSS LOADED FROM ONE ABUTMENT ONLT ▲ 

PORTION OP THE LENGTH. 



Fig. 13. 

— Let w = the whole weight upon the truss uni- 
formly distributed, extending from 
one abutment a distance equal to 
2 m., 
I = the length of the truss, 
d = the depth " " 
p = the length of a panel, 
m = the distance of the centre of gravity 
of the load from the loaded abut- 
ment, 
n = the distance of the centre of gravity 
of the load from the unloaded abut* 
ment, 
y = the length of the unloaded part, 
X = the distance of any panel end from 

the unloaded abutment, 
H = the horizontal strain, 
V = the vertical strain, 
L = the longitudinal inclined brace strain. 

40. Horizontal Strain In the Unloaded Part. — Sy the 

wm, 
principles of the lever, (8), —7- is the reaction of the 

right abutment, and the segment to the right of any 
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vertical section at a panel end, gh, in the unloaded part, 
is held in equilibrium by the reaction of the abutment, 
and the strains at g and k. Taking moments around it 
distant x from the unloaded abutment, we have, 



H ^ 



wmsE 



(20) 



for the strain at g, or similar to the strain in the case of 
the truss loaded at one point only, (21). In the lower 
chord the tension at h is evidently the same. 

41. Vertical Strain In the Vnloaded Part. — The ver- 
tical strain is also plainly — -- or the reaction of the un- 
loaded abutment, as in the similar case, (21). 

49. — In the above operations w expresses the weight 
of the load upon the truss. It is more convenient and 
sometimes necessary that the equation should express 
the weight of a full load of uniform density with the 
partial load. 

Let «'' = the weight of a full uniform load of equal 
density with the partial load. Then i 
7_y win ii/il—yY 



-j^{I—]/) and 



43, llorlxonlul Slrnln In llie Loaded Part. — The seg< 

ment to the right of any panel end, ic, in the loaded 
part is held in equilibrium by the reaction of the right 



abutment, the load i 



which is j{iv—ij},and the 



1 X y, vv iiu;u lo -j- 1 

Strains at b and c. Taking moments around c distant 
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X from the right abutment, we have therefore, -^ 

being the distance from c of the centre of gravity of the 
load on x — y, 

_ ti/(l-yYx vf x-y 

^^ - 2? ~ T <^~y' T"* 

Whence 

_ v/{l-yYx w' {x-yY , . 

^-" 2dr 2di~' ' ^^^^ 

is the compression in the upper chord at h. 

The same result may be obtained for the tension in 
the lower chord, at c. 

At a point one panel lenscth nearer the right abut- 
ment, 

v/ (l-yY (x-p) w' {x-p-yY . , .c,o\ 

^ " 2^ 23r~- ^^^' 

f 

44. Yeitleal Strain In the Lroaded Part. — ^Thc vertical 

strain may be obtained, as in the previous cases, from 
the difference in the horizontal strains at the different 
ends of the same panel. Subtracting Eq. (22) from 
Eq. (21) we have, 

__ w^p lo'py v/px v/p^ 

And p:d::H-H':!^'-^(x-|-j,). 
And since x — o" = ^ 

V = ^sr - ^(„_,). . . - (28) 

In this equation, the less u—y becomes, the greater is 
the value of V, and the latter is greatest when u — y be^ 
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mea zero, or in the brace at the end of the load, where 
, ^(i-vY . .... 

F equals — .Jp~ or the reactiou of the abutment, 

gain, V decreases with any increase of u — y, and there 
liay be a point where V = 0; to find this point, make 
V of Eq. (23) equal to zero, 



2f 



.l±'f , 



inent to the point where there is no vertical strain. To 
the right of this point V has a positive value and the 
vertical strain passes to the right abutment; to the left, 
a negative value, and the vertical strain passes to the 
other abutment. If Eq. (21) be differentiated to find 
the maximum value of II, it will be found to be when 

X = — .. / - or in the same panel, in which there is no 
vertical strain, Another proof of the rule in (38). 

«3. — In Eq. (23) u cannot equal —yf ""'^'^ — ,w^^' 
= -j-(w — y), or until we have passed an amount of the 

load equal to that borne by the abutment; hence this 
important nde : Tlierc is a point in every fuUy or par- 
tially loaded truss where there is no vertical strain^ but 
where the liorizontal strain is greatest, which divides 
(he load into the two parts borne by the two abutments, the 
part on eit/ier side of this point being borne by tlie abut- 
ment on that aide. 
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Therefore, knowing the load borne by either abat- 
ment, we have only to pass from the abutment along the 
load, full or partial, until we measure an equal wdgbt, 
and we reach the point of no vertical strain* 

Example. — ^If a truss be 50 feet long, and is loaded 
from one abutment a distance of 30 feet, at the rate 
of 1.5 ton per foot, where is the point of no vertical 
strain ? 

Here, v/ = 75 tons, 

/ = 50 feet, 
y = 20 feet, 

ie/(^-yy - 75(50-20)' 

2P " 2x50" -A^-^w>n8, 

the reaction of the unloaded abutment 

Beginning at the end of the load towards the un- 
loaded abutment, which is 20 feet from that abutment, 
we must go from the end of the load 9 feet towards the 
other end of the truss before we have passed 13.5 tons 
and reached the point of no vertical strain. And by the 
formula found above 

Z'+y' 2500+400 ,,^^ , , ^ 

--^. • = :r^ = 29 feet from the abutment — An^ 

No vertical strain can pass this point which can 
exist at one place only in any trues^no matter hotvloadecL 
Each abutments eluxre of the weight comes directl/y from 
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that part of the load nearest to it; and vetiical strains 
in the same truss cannot pass each other. 



ABCDEFGHI KLMNOPQRST 




abcde fghikl 



W^\NNN\KNK 



mnopqrB tay 




Fig. 14 

46. — ^Let Fig. 14 represent a truss 80 feet long, 6 
feet deep, divided into 20 uniform panels, and support- 
ing on the lower chord a load of 25 tons, extending 
from the left abutment to the centre of the truss. 

Here, w = 25 tons, :. w = 50 tons, 

I = 80 feet, 

d = Q feet, 

|9 = 4 feet, 

y = 40 feet. 

Length of inclined braces = 7.2 feet. 

The equation for the horizontal strains in the 
unloaded part is, 

_ w'x(l-yy _ 500^(80-41)' _ 
^"~ 23r~ ~ 2x6x80* - ^•"*A'«'- 

Whence the following table of the strains in the chords: 



Values of x 


4 


s 


12 


16 


20 


24 


28 


82 


86 


40 

41.7 

IK 

Im 


Strainn in 
Tons. 


4.2 


S.8 


12.5 


16.6 


20.8 


25 


29.2 


88.8 


87.5 


Compres- 
Bion in. 


ST 


RS 


QR 


PQ 


OP 


NO 


MX 


TiM 


EL 


Tension in. 

— — . 


nv 


ta 


8t 


n 


q' 


pq 


op 


no 


mn 
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The equation for the horizontal strains in the loaded 
part is 

v/x(l-yY w'{x—yY _ 50a<80 — iO)' 
~ 2dl ~ 



H = 



2dP 2dl 2x60x80 

Whence the following table : 



ValuM of X. 


44 


48 


63 


66 


60 


64 


68 


n 


76 


Strains in 
Tons. 


45 


46.7 


46.7 


45 


41.7 


86.7 


80 


81.7 


lU. 


Compres- 
slon in. 


HI 


GH 


GH 


FG 


EF 


DE 


CD 


BC 


AB 


Tension in. 


kl 


ik 


hi&gh 


fg 


ef 


de 


od 


be 


■b 



The equation for the vertical strain in the unloaded 

part is 

__ ^^^ ^ 50 (80-40r ^ 

^ " 2C "■ 2 X (80)* "■ ^-^^ ^^^ 

tension in all the vertical ties from K2 to Tu inclusive, 

and the vertical component of the strain, which is from 

their inclination, compression, in the inclined braces of 

the unloaded part 

7.2 V 

L = V X length of stmt divided by d = ' 

= 7.5 tons, compression in the struts from Kw to Tu 
inclusive. 

The equation for the vertical strain in the loaded 
part is, 

V =^S^ _ ^>pl = 31.25 _ .625^ 
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I 'hence we form the following table for the tensions in 
e ties in the loaded part: 



V Juea of It 


42 


40 


SO 


H 


(» 


6a 


W 


70 


74 


78 


Slmioi ta 

Ton.. 


S 


ajs 





^.5 


-0 


-7,5 


-10 


-ia.6 


-13 


-i7.n 


Tetuilon in 


Ik 


Hi 




Ql. 


Fg 


Ef 


De 


Cd 


Be 


Ab 



The equation applies to the ties at the ends of the 
inclined braces nearest the centre of the truss, for the 
reasons given in (35). 

From the above table it will be seen that there is no 
vertical strain in the i)anel GH hi\ and that to the left 
of this panel the strain has the minus sign, showing that 
the weight is now passing to the abutment opposite that 
from which u is measured. From the previous table it 
is also seen that the horizontal strain is greatest in the 
same panel, hence it is from this point that the braces 
must incline in opposite directions to the abutments. 

Multiplying the vertical strain by the length of strut, 
and dividing it by the depth of the trass, as before, we 
have the longitudinal strains in the struts in the loaded 
part as follows : 



Vklues of » 


42 


40 


BO 


54 


ss 


62 


66 


70 


74 


78 


Strains tn 
Tons. 


a 


3 





-a 


-• 


-0 


-18 


-16 


-18 


-21 




11 


Hk 




Ok 


F, 


Be 


Dd 


Co 


Bb 


A» 
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CASE V. ^A TRUSS SUBJECT TO A UNIFORM CON8TA3rr 

LOAD THROUGHOUT ITS LENGTH, AND A XTKIFORX 
3fOVABLE LOAD. 

47. — ^Let u; = the weight of the full constant load, 
v/ = the weight of the full load whose 
weight per lineal foot is the same as 
that of the partial load, 
I = the length of the truss, 
d = the depth " " 
j> = the length of a panel, 
X = the distance from one abutment to a 
panel end, 

y = the length of the unloaded part, 
H = the horizontal strain, 
V = the vertical strain. 

4§. — In the previous cases the weight of the truss 
itself has been entirely disregarded ; but this is the case 
of a truss the weight of which is considered, subject to 
the action of a rolling load, and is to a certain extent a 
combination of the two previous cases. Here it is neces- 
sary to obtain the maximum strains only to which each 
member of the truss is subject, whether from a full or 
partial load. 

49. Horiasontal Strains. — In Eq. (14) we have, 
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lor the horizontal struin under a full load in either 
chord. 

In Eq. (21), 

■^ " 2dC ~ 2dl ' 
for the horizontiil strain at the same point from a load 
of equal density but covering only a part of the truss, 

Eq. (21) will reduce to this form, 
w^ wV wy x\ 

^- id~ Mi- my^— ih - - (^*> 

which is less than Eq. (14) by the quantity 

or the horizontal strain at any point is greatest under a 
full load, no matter how small y may be, or how large a 
portion of the truss may be loaded. Hence, where w is 
the constant truss load, and «/ the weight of a full 
rolling load, the equation for the greatest horizontal 
strain is 



K = '- 



•id 



2dl 



(25) 



80. VerUcBl Strain.— In Eq. (23) we have, 

tt/(l — yY ii/ , 



2£- 



r(w— y), 



for the vertical strain at u, from a partial load reaching 
from one abutment a distance equal to I — y. Let y and 
u be measured from the right abutment and confining 
this equation to the right of the point of no vertical 
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strain, or to its positive values, it is evident that, consid- 
ering y for the moment constant, V is greater as u — y is 
less, and is greatest when u — y is least, or when ti = y 
or at the end of the load ; where, therefore, 

^--"^^ ■ ■ <S6) 

Or J the vertical strain from a partial load passing in one 
direction at any point is greatest when the load extending 
from the ahutm^ent readies to that point. 
Eq. (26) wiD reduce to this form, 

^ = T — r+-2F- <^'^> 

The vertical strain at the same point from a full 
load of equal density is« Eq. (18), 

If t^ in this equation be less than -^ or when V has- 

a positive value, it follows, That when a truss is par- 
tially hut more than half loaded^ the had extending from 
one abutm^ntj the vertical strain at any point at the end 

VjV^ 

of the had is greater by -Hir than the vertical strain at 

the same point from a full had of equal density. 

The greatest vertical strain, therefore, in a truss sub- 
ject to a rolling load, is the strain at any point from the 
constant truss weight added to the strain from the roll* 
ing load when it reaches that point and covers 
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greater segment of the trusa; hence, adding Eq. (18) 
and Eq. (26), 



__ _ «f WW w'{l — u)' 

V — 3- /-+ S/i > 



- (28) 

y being here equal to «, is the vertical strain from the 
rolling load u/, and constant load to. 

St. — In a truss uniformly loaded there is a point of 
no vertical strain at the centre, and in a truss partially 
loadfd, where the truss weight is disregarded, there is 

also a point of no vertical strain, distant ~a7~ from the 
unloaded abutment (44), but in no case can there be two 
points of no vertical strain, for a section of the truss 
cannot support a portion of the weight without trans- 
mitting it entirely to one or partially to either abut' 
ment. This point of no vertical strain can be found 
by making Eq. (28) = 0. 

wu , v/^lr—uy _ 



Let w' ~ aw, eliminate w and we have 




J u ar — 2a?M+ou" 

9 ~ 7 + 



I 



"Whence, 



■1 + ' 



2C 



.,J'- + K 



(29) 



Example. — In a truss 200 feet long, whose perma- 
nent unifonn load is 75 tons, and the weight of its full 
load of equal density with the partial load, 150 tons; 
how far from the unloaded abutment is the end of the 
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partial load when it is at the point of no vertical strain, 
or what is the value of u ? 

Here, — = a = 2. 
I = 200 



' VJ+l 



Whence, 1+- — 1 
200 



= 200 + 2 200 |/ i + i = 126.8 it.^Ans. 

That is, when the partial load covers 73.2 feet of the 
truss, the end of it is at the point of no vertical 
strain. The weight borne by the farther abutment is 
equal to the weight of 126.8 feet of the truss, or 47.6 
tons. When the truss is unloaded the weight on the 
abutment is 37.5 tons. When the load of .75 ton per 
foot covers 73.2 feet, by the principles of the lever, 10 
tons are added to the weight on the farther abutment 
While the end of the movable load rests at the point of 
no vertical strain the weight upon the farther abutment 
comes solely from the weight of the truss, and none 
from the load upon it 

When the end of the load approaches the unloaded 
abutment, passing the point referred to of no vertical 
strain from the fixed and movable loads, the weight 
upon this abutment is increased, but as the load still 
covers less than half the truss, the larger portion of 
the increased load is borne by the nearer abutment ; the 
point of no veitical strain, therefore, does not remain 
stationary, but moves after the end of the load, and 
reaches the centre when the load covers the truss. 
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S3. CountcrbracinB. — It is therefore evident that on 
the loaded abutment side of this point there can be no 
vertical strain passing to the farther abutment; conse- 
quently, it ia only from this point that it is necessary to 
arrange braces to carry the vertical strain to the farther 
abutment. The braces between these points on either 
aide of the centre, and the centre itself, are termed coun- 
terbraces, and come into use only under the action of 
movin'' loads. 



S8.— Eq. (18) added to Eq. (26), or 



I 



21' 



(30) 



may be represented as in Fig. 15. 



\-i^ 


/ 


y] 


\ y\ 






D/k L 







Let AB equal the length of the truss; AD and BC 
each equal to a scale, -g; then (37) the perpendicular dis- 
tance at any point between EB and EC is the amount 
of vertical strain from the permanent load at that point 
passing to the abutment B, and the perpendicular distance 
between AE and DE at any point represents the amount 
of vertical strain from the same load, at that point passing 
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to the abutment A ; these distances being the valm 

V in £q. (18); the positive and negatiTe valoes beii 

the opposite sides of AB. 

Next, let the load be brought on at A and ex 

from A to I, and let BH, to the same scale as be 

v/O—yV , . , . ^ 

represent — q7« 1 1"^ reaction of the abutmenl 

and as this is a constant between I and B, dran 
equal and parallel to BH and join GH. The vei 
distance at any point between LH and £C will giv* 
vertical strain from the constant and the movable ] 
at that point passing to the abutment B and the ti 

of V in Eq. (30) where y is greater and u less than 

Let y = HI and let u = tj, then at that point 
centre, 

v = H2by):,„rEL. 



When « becomes greater than 3-, then V is evidc 

, , v/(l — y)' , w wu . 

less than — 97* because -g — —j- 's a minus quai 

w 
to be deducted from it But in the figure, -5 — 

is represented by the vertical distances between AE 

BE and — ^7^ ■ is represented by the vertical dista 

w wu , 



between GH and IB ; and as -g — -j- is a minus qi 
2f 



tity to bfe subtracted from a^ > ttien the vertical 
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tsnce between KE and ME is to be deducted from tbe 
Tertical distance between KL and HE. Consequently the 
vertical distance at any point between KG and KH rep- 
resents the vertical strain at that point passing to the 
abutment B ; and by nmilar reasoning it may be shown 
that the vertical strain passing to the abutment A ia 
represented by the vertical distances between DK and 
the two lines FG and GK. K is the point of no ver- 
tical strain. 

An examination of Eq. <23) added to Eq. (18), or 



«/(;— y)' W(u— y) , w 



wu 



will give the vertical strains under the truss, and is 
easily mode, but has no practical value. 

Eq. (26), V = "2?"' ^ ^^^ equation of a pa- 
rabola, and Eq, (37) may be shown as in Fig. 16. 




Let AB represent the lengtJi of the truss, BC and 
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AD each ^"j and AF and BE each 5- ; then the vertical 

distances between DC and F£ represent the strains 
from the weight of the truss and of a full load. Through 
AE draw a parabola ; the vertical distance to any point 
in the parabola may be found from the value of V in 
Eq. (26) at that point. Similarly draw the parabola 
BF. The vertical distances between HC and the curve 
HE represent the vertical strains from the constant load 
and the end of the load passing to the abutment B. 
When the load passes to the left, the vertical strains Xo 
A are represented by the vertical distances between ID 
and the curve IF. Where the curves intersect the line 
DC, H and I are the points of no vertical strain. 

vfO—'oS^ 
M. — ^The equation of the moving load, — s* — > 

requires some change before it can be practically applied 
to detennining strains ; because, in its present form, it 
assumes that no weight comes directly, that is, without 
passing through the braces, upon the next unloaded 
panel point If the load were suspended at each panel 
point or end, the equation could be applied without 
change ; but as it comes first upon a girder, or string- 
piece, resting upon the panel points, any load in a panel 
must aflfect both ends of the panel. 

Let AI (Fig. 17) represent a truss, and A B C D, 
&C., the diflferent panel ends ; and let the load extend 
from the abutment A to midway between B and C, then 
there are one and a half panel loads upon the truss ; but 
B does not bear a full panel load, and cannot until the 
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load extends to G, or B cannot have a full load until C 

has a half load ; so that — ^« — ia greater than the ver^ 

tical strain in the brace &om B towards the farther 
abutment, because a part of the strain is in the brace 
from C. 

ABCDEFGHI 




Let the vertical distance at any point between AI 

and the parabola Abe i represent, as shown above, 

the weight borne by the unloaded, or, in this figure, the 
right abutment, when the load extends from the left or 
loaded abutment to that point, and the vertical dis- 
tances between AI and the smaller similar parabolas 
Ab' Be' Cd', &c., represent the weights coming upon the 
farther panel points B, C, &c, as the load extending 
from the left abutment traverses the girders resting 
upon these points. When the load extends from A to 
B, B& is the weight borne by I, but B6' ia the weight 
upon B, which is greater than the weight upon the abut- 
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ment I ; continuing the load from B towards ( 
vertical distance from the line BG to the parabol 
at any point, will represent the strain upoa C, whi 
load reaches that point, and the vertical distance i 
same point between BC and the parabola be repr 
the strain at the same time upon the farther abut 
I. When the former equals the latter, or whei 
curve Bf/ intersects the curve 5c, all the strain u 
comes from that portion of the load bearing ap 
and none from that portion upon B, and the ve 
distance between the two curves, before their int 
tion, represents the vertical strain upon I that < 
from the load upon B ; consequently the greatest i 
upon the brace at B towards I is when the vertica 
tance between the two parabolas, between A and 
greatest. This occurs where a vertical line will 
sect the two curves at points where their tangent 
parallel ; and since the weight on AB is to the ' 
load upon AI as the distance AB is to the distanc 
the horizontal distances of the tangent points refen 
from the panel end and the abutment bear the sami 
portion to each other. 

Let r represent the length of the partial load 
let it extend from one abutment beyond one pan 
where the tangents to the two curves at points vert: 
above each other are parallel to each other ; let j) t 
length of a panel, and I the length of the truss ; 

l:j>::l':-r-f the distance the load extends int 
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second panel ; and the length of the load 1! will there- 
fore be 

whence, HI = |jZ + i^^'; 

and ^' =i^ (31) 

When the load covers any number, n, of panels, the 
value of V will be 

^={4- — -•- - w 

Dividing the weight of the whole movable load by the 

TvoL 
length . of the truss, and multiplying by t^, we have 

upl 
the weight of the load on v^-, whence (8) the reaction 

of the unloaded abutment is, in this case, 






But, as explained before, this is greater than the strain 
in the braces from the last loaded panel point, because a 
certain amount of the load is borne by the panel point 
beyond the load. Hence this last weight is to be de- 
ducted from Eq. (33). 

The distance from the loaded abutment to the far- 
thest panel end or point which is under the load is Tip, 
therefore, 

npl 
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j 

\ is the distance the load extends beyond on to the part 

! loaded panel^ and the weight on this distance is, 

v/ I npl \ 



_ ti/ / np^ 



I \l—p 

IM-Pj 

Of this weight, the part which is borne by the end li 
yond the load, or the end farthest from the loaded abv 
ment, of that panel into which the load extends, is,i 
the principles of the lever, 

y^- <»<••) 

This amount is to be deducted from Eq. (33) to o 
tain the correct strain upon the brace from the last pan 
end under the load, towards the unloaded abutmeii 
whence, 

v/ I nph^ _ w' I np* \* 

'W\T^i 2pr\i^i^ 

_^ k/ / 7i*pT — n^p*l\ 
= "2?l {l-pY h 

"zm-p) • 

•••v=4^ m 

is the greatest vertical strain from a partial load, whei 
71 represents the number of panels loaded, towards tli 
unloaded abutment upon the brace at the last loade 
panel point 

Example.— Let a truss be 80 feet long, divided int 
8 panels, and loaded at the rate of one ton per fool 
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7hat 13 the greatest vertical strain upon the brace from 
the last loaded panel end, when aix panels are loaded t 

Here, w' ~ 80 tons, 
I = 80 Feet, 
ja = 10 " 



Substituting these valaes in Eq. (35) we have 
^^ tt/n'p' 80x6'xlO' 



■2/(i-/>)~2x8 



~iO)' 



If in '^(l—u)\ {l—u) had been made equal to 65, 

we should have b ofl '(^^)' ^^ 2G.41 tons for the reaction 
of the unloaded abutment. 

But as the load extends half way from one panel 
end to the other, the unloaded panel end would support 
of i of J panel load, or 1.25 ton ; hence 

26.41 — 1.25 = 25.16 tons, would be the greatest 
strain upon the brace from the sixth panel end. 



In the case supposed, 



npl 



6X10X80 



,57 



> l—p — 80—10 
feet, is tlie length of the load, and consequently, 29.38 
tons is the reaction of the unloaded abutment ; and 3.67 
tons the weight on the first unloaded panel end, whence, 

29.38 -3.67 = 25.71 tons, 
as before, for the greatest straiu on the brace. 

When np is greater than ~„ or when the load covers 
v/n'p' 



more than half the truss, .j 



■2l(l-p) 
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direction as the vertical strain at the same point from 
the constant truss load, and consequently, Eq. (35) may 
be added to Eq. (18), giving 

^-2'-X+2Z(Z=p) - - - - (36) 
for the maximum vertical strain, from both the perma- 
nent and the movable loads, in the braces of that panel 
whose centre is distant u from the unloaded abutment, 
and where n is the number of panel points in l^u. A 

l — u — -^ 

reference to Fig. (14) will show that n = . 

P ' 
substituting this value in Eq. (36) we obtain. 



/(?-u~f)' 



w 

an equation giving the same results and containing only 
one variable quantity, u. 

But when np of Eq. (35) is less than -^^ then the 

vertical strain, a/JJ— \ ^ ^® passing towards the cen- 
to wu 
tre or in an opposite direction to o* — "T") the vertical 

strain from the constant truss weight at the same point, 

and the difference between the two is the total vertical 

strain at u. The less of these may be considered as 

w wu 
neutralizing its amount in the greater; but^ r-? 

the constant truss strain, also meets the vertical strain 
from the first panel point outside the load, or the quan- 



THE STRENGTH OF BRIDGES AND ROOFS. 51 



vf I np^ 



w / np \ 
tity, o^( 'i~ — ) , Eq. (34), and has been lessened by 



./^•_« 



W Tip 

this amount outside the load. Hence, since ^n_ u 

Eq. (33) and -5- - — r ^^ ^^^^ diminished by the same 

amonnt, their difference will remain the same, and we 

have 

w v>u v/v}p^ 

^-T-"r+2(r:^ .... (38) 

for vertical strains to the farther abutment when the 
trass is less than half loaded. 

Substituting for n its value 4* \ / 

comes 

^ - 2 ~ Z + 2(/-p)' ' • ' • ^^^' 
the vertical strain to the unloaded abutment when the 
load covers less than half the truss affecting the brace at 
the last loaded panel end. 
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CHAPTER HI. 



A SmPLB TRUSS, WITH INCLINED STRUTS AND VEBTICAI, 
TEES SUBJECT TO THE ACTION OF A CONSTANT AND A 
MOVINa LOAD. 

ABC DEFGHIKLMNOPQR 




MAW&<W<M\N^N^ 



bod ef ghi k 1 mnopqr 

Fig. 18. 



Vi 




m 



M. — Let w = 150,000 lbs., the weight of the trass, 

uniformly distributed, 
v/ = 300,000 lbs., the weight of the full 
moving load, of equal density with 
the partial load, 
I = 200 feet, the length of the truss, 
d = 18.75 feet, the depth of the truss, 
p = 12.5 feet, the length of a panel, 
X = the distance of the end of a panel 

from one abutment, 
u = the distance of the centre of a panel 
from one abutment, 
BL V. & L. = the horizontal, vertical, and longi- 
tudinal strains. 

The moving load upon the lower chord, and the 
weight of the truss, may, with sufficient practical ac- 
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curacy, be considered as concentrated upon the panel 
points of the same chord. 

For the horizontal strains which are greatest when 
the truss is fully loaded, we have, Eq. (25), 



H 



(w+h/)x (w- i-ti/)af 



and substituting the values of the constants, 

(150.000 + 300,Q00)x (1.50,000 -f SOO.OOO).!:^ 



H = 



2X18.75 
12,000x— 60j'. 



2X18.75X200 



Any value of x in this case gives the compression in the 
upper chord on the centre side of the point to which x la 
measured, and the tension in the lower chord on the 
abutment side; whence we have the following table of 
strains : 



VfttSM 
Of X. 


13.5 


« 


37.5 


50 


63.S 


75 


87 JI 


100 


Strains 
In lb«. 


140.G2S 


202,500 


365,825 


450,000 


515,825 


563,500 


500,635 


000,000 


Compres- 


Br& 
pg 


CD& 
OP 


DE& 
NO 


EFi 
MN 


FO& 


on 4 

KL 


EI& 
IK 




TeaBioa 

In. 


■bftqr 


bcipq 


-'- 


"" 


effimo 


fg&Im 


gh&kl 


hi & <k 



The vertical strain in any tie is the same in amount 
as that ID the strut to the upper end of which it is at- 
tached, (35). 
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For the maximum vertical strains when the truss is 
more than half loaded, we have, (Eq. 37), 



P\' 



V = - 
^ 2 



wu 



+ 



«''<^-f) 



I • 2HJ^p) 
and substituting the values of the constants, . 



V = 



150,000 _ 150,000u 300,000(200— 1<— 6. 25)* 
2 200 + 2x200(200—12.5) 

*= 75,000 — 750w + 4.(193.75 — 1<)' 

For the maximum vertical strains when the truss 
is less than half loaded, we have, Eq. (39), 



V = 2-- + 



vx 



2(l-pY 
Substituting yalues^ 

V = 75,000 — 750 + 4.267(193.75 — u)' 
Beginning with the truss fully loaded, we will con- 
sider the load as gradually moved off, making the first 
value of % or the length of the unloaded part, 6.25 feet, 
the second value of u^ 18.75 feet, and so on from either 
end. Whence the following table of tension in the 
ties: 



Values 
otu. 


6^2;^ 


18.75 


81.25 


48.75 


56.25 


68.75 


81.25 


08.75 


Stndmi 
inlbB. 


210^88 


188,438 


157,188 


182,188 


108,488 


85,938 


64,688 


64,688 


Tension 
in. 


Bb& 

Qq 


Pp. 


Oo 


£e& 
Nn. 


Ff& 

Mm 


V 


mi& 

Kk 
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^^^^^ When the truss is less tlian half loaded some of the 

H ties act as coiinterties, or to carry the weight towards 

the centre; but the strain thus brought upon them ia 

less thau that to which they are subject when the load 

reaches from ihem to the farther abutment. 

■ The vertical strain multiplied by the length of the 

^K strut and divided by the depth of the truss, or, in this 

^ft case, V X 1.202, gives the compression in the struts 

^H As long as V has a plus value, it indicates a strain to- 

^H wards the unloaded abutment. 

^H The following is a tabic of the compression in the 
^P struts: 






Tdw-ofu. 


KftS 


i&n 


81 JS 


ia.Ti 


«.. 


«™ 


BI.M 


«.75 


iae.u 


11B.7S 


1 


Slnliu In lbs. 


IM,M7 


«.» 


1BS.93II 


188.680 


\3a.m 


103.197 


77,754 


S8,n4 


a.m 


U,»4S 


»^o.,. 


Ba^ Cb* 
Qr 1 P« 


Op 


Bd« 


FfA 


Lm 


%* 


ihft 


HI A 


Lk 




The next value of w, 131.75, gives V a minus value 
or a strain passing to the loaded abutment ; therefore, 
jh, Hi, Ki, and Lk, are the counterbraces needed in 
this case. 

There are do strains in AB, Aa, QR, and Rr. 

M.— There are many practical disadvantages in the 
use of trusses, where the ties are shorter than the struts 
and as the equations for determining strains in trusses 
with vertical struts and inclined or diagonal ties are 
the same, and can be readily applied to the former case, 
we shall confine our furtlicr investigations to the latter. 


^1 
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A TREATISE ON 



CHAPTER IV. 



TRUSSES WITH VERTICAL STRUTS AND INOLINED TIES SUB- 
JEOT TO CONSTANT AND TO MOVINa LOADS. 



CASE L— A SIMPLE TRUSS. 



ABCDEFGHIKLMNOPQR 





abcdefghi klmnopqr 

Fig. 19. 

w.— Let w = 40 tons, the weight of the truss, uni- 
formly distributed, 
t(/ = 80 tons, the weight of ^ full load of 
equal density with the partial load^ 
Z = 80 feet, the length of the truss, 
<f = 10 feet, the depth of the truss, 
p = 5 feet, the length of a panel, 

• 'j> * {• = the strains and distances, as before. 

The load is upon the upper chord, and consequently 
the struts have the same vertical strains as the ties to 
the lower ends of which they are attached. 

58. Horizontal Strains. — In investigating the hori- 
zontal strains, the counterbraces shown in the figure by 
the dotted lines may be considered as removed, to pre- 
vent confusion in deciding to which side of the panel 
points, or ends, the equation of horizontal strain is to be 
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applied ; ns the total horizontal strain at any point is in 
that member of the chord on the side of the panel point 
on which there is no brace. 
Eq. (25), 



2d 



idl 



I 



will give the maximum compressions in the upper-chord 
members on the nearest abutment sides of the points 
to which X is measured, and the maximum tensions in 
the lower-chord members on the centre or opposite sides 
of the same points. 

Substituting the vahies of the above constants, we 
have, 

<4Q+80)j ; (40+80)g' 
2x10 



H = 



2X10X 
whence the following table: 



: 6x— .075a;', 



V»lnaio(ai. 





10 


16 


20 


as 


80 


89 


40 


atralsa In 


28.1 


B3.5 


73.1 


M. 


103.81 


113.5 


118.1 


ISO 


Comprps- 
•ion U 


AB& 


BC4 
PQ 


CDii 
OP 


DE& 
KO 


EF& 
MN 


FOA 
LM 


GH4 
KL 


Bl & 
IK 


■Xensi'm Id 




op 


de& 


elk 


r 


".f 


hi& 
Ik 





S9. Vrriicai straini. — Substituting the values given 
1 in Eq. (37), we have, 



_ 40 40X« 
• ~ "o* an "'" 



iv 

2J = 20 - 



150 ' 



2x80(80-5) 
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whence the following table of compression in the struts 
when the truss is more than half loaded. Aa and Hr 
each evidently bear half the load, or the whole vertical 
strain which comes upon the abutment 



Valaes of u. 




2.5 


7.5 


12.5 


17.5 


22.5 


27.5 


42.5 


87J5 


Strains in 
Tons. 


60 


56.8 

• 


48.9 


41.9 


85.8 


28.9 


22.9 


17.6 


17.6 


Compres- 
sion in 


Aa& 
Kr 


Bb& 


Cc& 
Pp 


IM& 
Oo 


Ee& 
Nn 


Ff& 
Mm 


^&* 


Kk 


m 



Since V of Eq, (37), multiplied by the length of the 
ties, and divided by c?, which is V X 1.118, when the 
load covers more than half the truss ; and of Eq. (39), 
which, with the constants substituted, is 

u (77.5 — uY 
V - 20 - 2 + 140.625 

multiplied also by 1.118, when the load covers less than 
half the truss, gives the tension in the ties, we have the 
following table : 



Valaes 
of 11 


2.5 


7.5 


12.5 


17.5 


22.5 


27.5 


82.5 


87.5 


42.5 


47.4 


* Strains 
in Tons. 


62.9 


547 


46.8 


89.5 


82.8 


25.6 


19.7^ 


18J 


S.8 


8.0 


Tension 
in 


Ab& 
Rq 


Bc& 
Qp 


Po 


On 


£f& 
Nm 


Ml 


Lk 


m& 

Ki 


Ik& 





When u = 52.5, V has a minus value, or all the 
countcrbraces needed in this truss, are Ih, Kl, and Hg, 
Ik, and the vertical IL 
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CABB IL— A DOITBLE TBDSS WITU AN EVEN NUMBEE OF 
PANELS. 



A B CDEPg H IKLMXO PQR 



K 



^NKNKIx1x!X!yf;-M4/f 



I 



1 g h 1 k 1 m I 
Fi^. 20. 

«•. — ^This trusa, Fig. 20, is a combination of two 
simple trusses, one of which is represented in Fig. 21, 
with the counterbraccs removed, and wliich is divided 
into panels of uniform length. 



/ 



Fig. 21. 

The other simple truss, represented in Fig. 22, also 
without the counterbraces, has all the panels of the same 
length as in Fig. 21, except the end panels which are of 
half the length. 



m 



Fig. 33. 



The counterbraces are the dotted lines in Fig. 20. 

The vertical strains in the simple trusses are entirely 
independent of each other, for there is no connection be- 
tween their braces. The chords, however, are common. 
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and the strains upon them in the double truss are the 
sums of the chord strains of the simple trusses. 

61. Horizontal Strains. — The strain in MN, for ex- 
ample, in Fig. 20, is the sum of the strain in LN of 
Fig. 21, and the strain in MO, of Fig. 22.. Hence we 
have to determine the straii^ in the simple trusses, and' 
add them, to obtain the strains in the double truss. 
Each truss may be properly considered as bearing half 
the weight, and the reaction of either abutment is there- 
fore 7-9 upon each of the simple trusses. 

Let I = the length of the truss, 
d = the depth of the truss, 
p = the length of a panel of the double truss, 
w = the weight upon the truss, uniformly dis- 
tributed, 
X = the distance to a panel end from one abut* 

ment, 
H = the horizontal strain, 
V = the vertical strain. 

For the simple truss of Fig. 21, we have therefore Eq. 

< 

w 
(14), w being changed to «"• 

^=4^-4^ - - ■ <^^) 

This equation will not apply to the other simple truss, 
on account of its half panel at the ends. The uniform 
simple truss has a full panel load at each panel ipoint, 
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and a half panel load upon each abutment; tlie other 
.simple truss has a full panel load at each panel point, 
and none upon the abutment. To obtain an equation 

for the latter, we have 7* x iC f or the moment of the re- 
4 

action of the abutment, at any panel point distant x' 

from that abutment ; the load upon the truss between 

this point and the abutment is „-. + (a/ — p)tP being the 
length of the end panel ; and the distance of its centre 

I of gravity ia -^ + -^ ; this is apparent from the 6gure 

Lof the truss. Whence, 



■uKrf 



2^(^-i') (-2-) 



'id' 



war'' 
""WT 

(41) 



is the compression in the upper chord, and tension in the 
lower chord of the truss of Fig. 22 at any point distant 
I of from the abutment. 

If X in E(i. (40) be equal to MR in Fig. 22, H will 
be the Iiorizontal strain in MO and km ; and if a^ of Eq. 
(41) be equal to LR in Fig. 21, H' will be the horizon- 
tal strain in LN and il. 

Hence, the Iiorizontal strain in the upper chord of 
the double truss at any panel point, is equal to the hori- 
zontal strain in that one of the simple trusses whose 
, panel end is at the same point, added to the strain at 
t that panel end of the other simple truss which comes 
I next towards the centre; or H at a; in Fig. 20 is equal 
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to H at X in one of the simple trusses, added to H' i 
a; + 2> in the other simple truss. 

Making, therefore, ar* of Eq. (41) equal to x+p, and 
adding the equation so changed to Eq. (40), we have,* 



H = 



im tvx pwx pv) 



+ 



Ml ' 



■ (* ™ 



For the panel points of the double truss, common 
also to simple truss, Fig. 22, the strains at of are equal 
to the strains at a/ in one simple truss added to the 
strains in the other simple truss at x'H- p, making, therej 
fore, X of Eq. (40) equal to af-{' p, and adding the equ 
tion so changed to Eq. (41), we obtain the same resula 
as before; or Eq. (42) gives the strains in all the mem-l 
bera of the upper chord on the nearest abutment side c 
the panel points to which x is measured. 

In the lower chord, the strain at any point of tlli 
double truss is equal to the strain in one simple truss t 
the same point added to the strain in the other simply 
truss at the next panel point nearer the abutment^ 
making, therefore, x^ of Eq. (41) = x'—p^ or a: of ] 
(40) = 3; — p and adding the equation so changed to 
the other unchanged, the result from either addition is, 



H = 



2rf" 
w 
= 25<^ 



2dl 



pwx jnv 



]--^{^-^ + 



Sdl 



im 



• The ftlgebi^c procoae. l»1ng very simple, li oniltMd. 
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au equation giving the tensions in tbe lower^chord 
members, on the centre sides of the points to which x is 
measored. 

ba. Tenical straluf. — The simple trusses being en- 
tirely independent of each other in their vertical actions, 
the equations of their vertical strains are to be deduced 
from the simple truss horizontal strains of Eqs. {40) and 
(41) as in (32), whence we obtain, from either Eq. 

v = f-1 («) 

for the vertical strain from a full load in either simple 
truB9, M being the distance to the centre of a panel of a 
simple truss, and not to the centre of a panel of the com- 
pound truss. In the simple truss of Fig. 22, the centre 
of the end panel is considered as at the abutment, and 
the first value of u for that truss is therefore zero. 

Vcrtlcnl Stmliii ftom tlio MoTlng Load. — The 
effect of the moving load upon the panel points of a 
compound truss differs from that upon the jjoints of a 
single truss, because, in the former case, a panel point 
or end of one simple truss can be fully loaded without 
the next panel point belonging to the same simple truss 
being affected by any portion of the load. So that the 
effects of the load in a compound truss are the same as 
if the different portions of it, or panel loads, were sus- 
pended at the ends of the panels. 

Therefore, w/ representing the weight of the full 
movable load, 

v/ 



,cr 

o 
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will give the greatest vertical strain from tbe moviD 
load, vf^ upon the simple truss of Fig. 22. 
Hence, adding this to Eq. (44), 

V = ^-^ + ^(Z-t*>' . - - (45) 

is the equation of the vertical strain from the constant 
load, w^ and the moving load, ti/, in simple truss Fig. 22. 
In the simple truss of Fig. 21, where u' is the distance 
from the unloaded abutment to the centre of one of 

the panels, "o7"{i — ^' — />)» as an inspection of the fig- 
ure will show, is the load on Z — w' ; dividing by I and 

multiplying by ^ ? ^^ distance of its centre of 

gravity from the abutment from which the load extends, 
and we have, 

V=g((Z-u')-i>'), .... (46) 

for the vertical strain upon the truss from the moving 
load. Adding this to the equation for the constant load, 
we have, 

V = 4--2r + l?((^-«T-i'-)- - (47) 

for the equation of the vertical strain from the constant 
and the moving loads in simple truss Fig. 21. 
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Example.— In Fig. 20, 
Let tt/ = 160 tons, the weight of the full moving 

load, 
w = 80. tons, the weight of the truss, 
Z = 160 feet, the length of the truss, 
d =^ 20 feet, the depth of the truss, 
j> = 10 feet, the length of a panel, 
X = the distance from the abutment to the end 

of a panel, 
u = distance from the abutment to the centre 
of a panel of either of the simple 
trusses. 
The load is upon the lower chord. 

Substituting the values of these constants in Eq. 
(42), we have. 



H = 



u <^ + 2"/ — 2dr"^^ + 2;+ ui ' 



_ (160+80) . 10^ 



2x20 



\^ + t) 



(1 60+80) 
2x20x160 



10\* 



(x+y) + 



8xUxl60 = 6(ar+5)- .0375 (x+5)*+ .9375. 

from which we can form the following table of cora- 
pressioDS in the members of the upper chord : 



ValaeB of 0. 


10 


20 


80 


40 


50 


60 


70 


80 


Strains in Tonn. 


82.5 


127.6 


165 


195 


217.5 


282.5 


240 


240 


Oompmsion in 


AB& 
QR 


BC& 

PQ 


CD& 
OP 


NO 


EP& 
MN 


FG& 
LM 


GH& 
KL 


IK 
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Substituting the values of the constants in Eq. (43), 
we have, 

H = 6{x—b) — .0375 (a;~5V+ .9375, 
whence we can form the following table of tensions in 
the lower chord : 



ValaeB 
of », 


10 


20 


80 


40 


50 


60 


70 


Strains in 
TonB. 


80 


82.5 


127.5 


165 


105 


217.5 


282.5 


Tension 
in 


bc&pq 


od&op 


de&no 


ef &mn 


igitlm 


gli&kl 


hi&ik 



There are no strains in ab and qr. 
Substituting the values of the constants in Eq. (45), 
we have, 



80 



80m 



+ 



160 



= 20 — .25w + 



2 X 160 ^ 4 X (160) 
(160 - «)• 



7(160— !*)• 



640 



We can form the following table of compressions in the 
struts of simple truss of !C^ig. 22 : 



Valaes of u. 





20 


40 


60 


80 


Strains in Tons. 


60 


45.6 


82.5 


20.6 


10 


Compression In 


Aa&Rr 


Bb&Qq 


Dd&Oo 


Ff&Mm 


Hh&Kk 

1 



Dividing the same Eq. by d and multiplying by the 
length of the tie, or V X 1-414, for all ties except the 
end ones, where it is, V X 1.118, and we obtain the fol- 
lowing table of tensions in the ties of Fig. 22. (The 
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quantities by which V is multiplied are the secants of 
the angles made by the ties with a vertical line.) 



Valnei of if. 





20 


40 


60 


80 


100 


Btndmi in Tons. 


67.1 


64.5 


46 


29.1 


14.1 


0.9 


Tenaionin 


Ab&Rq 


Bd&Qo 


Df&Om 


Fh&Mk 


Uk&Eh 


Km&Hf 



V has a negative value when u = 110. 

Substituting constants in Eq. (47), we have, 

(160 — i/)'— 100 



V = 20 - .2Su + 



640 



Whence the following table of compressions in the struts 
of simple truss of Fig. 21 : 



Valaes of u'. 


10 


80 


00 


70 


Strains in Todb. 


62.5 


38.8 


26.8 


15 


Comprefuiion in 


Aa&Rf 


Cc&Pp 


Ee&Nn 


Gg&Ll 



The total compression in the end struts, Aa and Rr, 
from the two simple trusses is 52.5 + 60 = 112.5 tons. 

Multiplying V of Eq. (47) by 1.414, as before, we 
have the following table of tensions in the ties of truss 
Pig. 21: 



Valftes of u'. 


10 


80 


50 


70 


90 


Strains in Tons. 


74.2 


54.9 


87.3 


21.2 


7.1 


Tension In 


Ac & Rp 


Ce&Pn 


Eg& Nl 


Gi & Li 


Il&Ig 

1 
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65. — ^The double truss shown in Fig. 20 has an even 
number of panels, and each half of it has also an even 

* 

number. If two panels be added, each half of the truss 
Avill then contain an odd number of panels, and simple 
truss of Fig. 22 will be uniformly divided, while the ends 
of simple truss of Fig. 21 will become similar to the 
ends of the other simple truss in the example given. 
Each truss, however, will still support one-half the full 
load, and the horizontal equations will remain unchanged. 

The vertical equations for the moving load, however, 
are entirely dependent upon the end panels of the simple 
trusses, and equation (45) will apply to that truss which 
is divided into uniform panels, that is, terminates with 
a panel equal to two panels of the compound truss; 
while vertical equation (47) will alwaj's apply to that 
simple truss whose end panel is equal to one panel of 
the compound truss. 

66. — 'By referring to the examples given, it will be 
seen that the strains in the two chords are equal in 
amount between the same inclined braces. 

CASE ni. — ^A DOUBLE TRUSS CONTAINING AN ODD NUMBEB 

OF PANELS. 

ItltltltlSllSlSlSltltl 
i^BCDEFOHIKLMN OPQBSTUVy 







iM" 



lS 




abcde fghl klmnopqrs t« tw: 
JISISISISISIISISISI Sltlj 

Fig. 23. 

67. — Let Fig. 23 represent a double truss, the coun- 
terbracing shown by the dotted lines, containing an odd 
number of panels. 



I 
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This trusa is ali^o composed of two simple trusses, the 
panel points of one being shown by the figures 1,1,1, and 
the panel points of the other by the figures 2,2,2. Tlie 
two simple trusses will be distinguished as truss No. 1 
and truss No. 2, as they are numbered in the Figure. 

Simple tfuss No. 1, having full end panels, may be 
considered as bearing the half panel loads resting 
directly on the abutments, and has consequently one 
panel load more than the other; or it supports half the 
whole weight and half a panel load; while Truss No. 2 
supports half the whole weight, less half a panel load. 
This is wlicn the truss is fully loaded. 

<8. — Let I = the length of the truss, 
d = the depth of the truss, 
p = the length of a panel of the double 

truss, 
w = the weight upon the truss, uniformly 

distributed, 
X = the distances to the panel ends from 

one abutment, 
H = the horizontal strain, 
V = the vertical strain. 



69. Horixonlal Strain. — ^The weight on simple truss 
No. 1 being ^ + 'op *^® reaction of each abutment is 

tberefore i \^ + -M- /' and as the truss is divided into 
nniform panels, the moment of the load on any segment 
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whose length is as, is J ("97") > froni which we readilj 
obtain the equation, 

whence, 

_ vyx WQi? vrpx 

^ - 15 - "M + 1^' • • • • • • • (*^> 

is the compression in the upper chord of Simple Truss 
No. 1 on the abutment side, from which x is measured, 
of the points I9I9I, &c.,and the tension in the lower chord 
of the same truss on the centre side of the same points. 
The reaction of each abutment upon Simple Truss 

No. 2 is i f -^ — -qT ) , and the moment of the load on 

any segment whose length is x^ is, as in the Simple Truss 
of Fig. 22, 

* l'"2r~"2rj' 

from which we obtain the equation, 

whence, 

_ _ wdd woT wpxf wp* . . 

^ " 45 "" "M ~ l^r +45"^"" ^*^' 

is the compression in the upper chord of Simple Truss 
No. 2 on the side towards that abutment from which of 
is measured, of the points 2,2,2, &c., and the tension in 
the lower chord on the centre side of the same points. 
It is evident that here, as in the previous case, in the 
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apper chord of the doable truss, the compression at any 
panel point is the compression at the same point of one 
of the simple trusses added to the compression in the 
other simple truss at one panel leugth nearer the centre ; 
and similarly in the lower chord of the double truss, the 
tenaion at any panel point ia equal to the tension at the 
same point of one of the simple trusses, added to the 
tension in the other simple truss at oue panel length 
nearer the abutment. 

Therefore, making x' of Eq. {49) equal to x +p, and 
adding the equation so changed to Eq. (-18), we have, 



' 2dl 



top wpx 
+ X7 — "g^ 



id 



2dl ' 



wp 
Idi 



~ 2dr^ "•" 2i ~ Sdt - 



(50) 



2d ' 
= 23(^ + 1 

for the" compression in the members of the upper chord 
on the abutment aide of the points 1, 1, &c. 

And making x of Eq. (48) equal X.o 3/ -{• p, and add- 
ing to (Eq. (49), we have. 






wpj wp' 



>+!)- 



for the compression in the members of the upper chord 
on the abutment side of the points 2, 2, 2, &c. 

In these and the subsequent equations x cannot have 
I 
a value greater than 5-, because the simple trusses are 

not Byrametrical, as in the previous cases, beyond the 
. oeaitre; . 
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Making a/ of Eq. (49) equal to x—p of Eq. (48), 
and adding the two, we have, 



tDX 



^=2^- 



top 
Id 



wx* ivpx ^ top* 



to 
2 



^»-f) 



2dl 



to 






(52) 



for the tension in the members of the lower chord of the 
double truss on the centre side of the points of Simple 
Truss No. 1. 

And making x of Eq. (48) equal to x^—p of Eq. 
(49) and adding the two, we have. 



•H = 



wo^_wp w^' wp^ wp' 
U 4td~ 21^^ 2dl '^ IdP 



w 



= rdi^ 



2J~'2dl^'^~~ 2) 



top 



• (53) 



for the tension in the members of the lower chord of the 
double truss on the centre side of the points of Simple 

Truss No. 2. 

* 

70. — ^Let there be an odd number of panels on either 
side of the centre panel as in Fig. 24, 

212121121212 




^\i\N\J><KKKl/]/ 




KKKlxMXI/l/[/l 

212 1211212 12 
ng. 24 



and numbering the trusses as before, Simple Truss 
No. 1 has now a half panel at either end, while the end 
panels of Simple Truss No. 2 are uniform with the 
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others. Truss Ko. 1 still supports one panel load more 
than Truss No. 2, but the moment of the load on the 
segraent x is 



IT' 



wp 



■whence, 



wx 



wp' 



(54) 



4d "^ idl 4dl "^ IdV 
as the horizontal strain in Simple Truss No. 1. 

The moment of the load on segment x' of Simple 



_ ^_ . tvx" , 
Truss No. 2 is -tjt, whence, 



W3f 



wx 

Idl 



wpx 

"idf 



(55) 



Following the same process as before, substituting 
and adding, we obtain the same results, that is, Eq. (50) 
for compression in the upper chord at the points 1, 1, 
&C. ; Eq. (51) for compression in the same chord at the 
points 2, 2, &c ; Eq. (52) for tension in the lower chord 
at the points 1, 1, &c., and Eq. (53) for tension in the 
same chord at the points 2, 2, &c. 

Hence we see that these equations are not affected 
by the panels at the ends of the simple trusses, but that 
Eqa. (50) and (52) belong to the panel points of that 
simple truss whose braces form the centre panel, and 
Eqs. (51) and (53) belong to the points of the other 
simple truss 

71. — It will lead to less confusion, therefore, to 
measure the points from the centre of the truss, as well 
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as render the equations simpler ; putting in Eq. (50), 
-^ — zior x; z being the distance from the centre of the 
truss to the same point to which x is measured, we have, 

for upper-chord compressions at the panel points of 
Simple Truss No. 1. 

In Eq. (51), putting ^ a;' for a?', we have, 

^-5:7— 9^/(^—9" -^"^P - - • C57) 



U Ul^^ 2 J 



%dL 



for upper-chord compressions at the panel points of 
Simple Truss No. 2. 

In Eq. (52), putting x z for a?, we have, 

XT _ ^^^ ^ . , P] \ 3 V 

^ -ft7/- 9;w(^ + 9- +"ft:7p • - - (58) 



8t/ 2dZ^" ^ 2 J 



8<^ 



for lower-chord tensions at the panel points of simple 
Truss No. 1. 

In Eq. (50), putting k" — ^' for x\ we have, 

*i - «;? - '^A^+ 9" — Tm" - - - - (59) 



8rf 2t«^^ "^ 2 J 



for lower-chord tensions at the panel points of Simple 
Truss No. 2. 

73. Tertlcal Strain ft*om tlie Constant Load. — ^Under 

a uniformly distributed load, the vertical strains in one 
simple truss are unaffected by those in the other, and 
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the equations are therefore to be deduced, as before, 
from the siraplc-truss horizontal equations. (32) 

From Eq. (48) or Eq. (54) we obtain for Simple 
Truss No. 1, 



v = ^-- 



■wu 



wp 

IT 



I 



From Eq. (49) or Eq. (65), for Simple Truss No. 2, 
V = 






wp 

"if' 



(61) 



u and u' being the distances to the centres of the panels 
of the simple trusses, and whenever either simple truss 
begins with a half panel, u or u' in the equation which 
belongs to that truss must be made equal to zero. It 
will be noticed that the constant-load vertical equations, 
like the compound-truss horizontal equations, are un- 
sficcted by the terminations of the simple trusses; but 
are determined in their application to either simple truss 
by the position of the braces of that truss at the centre. 

78. — If the difference in the successive values of u and 
1*' be constant when these quantities exceed ^, each will 
then represent the distances to the centres of the panels 
of the other simple truss than that for which the equa- 
tion in which it is found was obtained. That is, -j ,[ of 

lei 1 ' ^^'•^^1 ^hen less than s-, is the distance fi-ora 
one abutment to the centre of any panel point of Simple 
Truss ]2f becomes, when greater than 5-, the distance 
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from the same abutment to the centre of any panel of 
Simple Truss ] i [ • 

Further, when u or u* becomes greater than 5^, the 

equation to which it belongs gives the vertical strain in 
the other simple truss, or that one to the centres of whose 

panels it now represents the distances; that is £q. \n^\ 
when Y'i ig greater than ^ gives the vertical strain in 

Simple Truss No. \ . [ passing to the abutment opposite 
that from which j^/[ is measured. For Eq. (60), 

^ 4 2^^^ 2 

becomes, when u is greater than ^, and consequently 
equal to Z — u\ 

or the same as Eq. (61) when u' is measured, as indi- 
cated by the minus sign, from the opposite abutment; 
and similarly is Eq. (61) changed. 

74. Tertical Strains ft*om tlie Moviiig liOad.— >It will 

be seen from the plan of the truss. Fig. 23, that the 
passing load, before reaching the centre, transmits that 
portion of its weight which is, borne by the farther abdt- 
ment through the counterbraces from one of tlie simple 
trusses to the other. One half of one simple truss being 
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thue connected with the opposite half of the other, we 
have two other simple trusses in this same double truss, 
different from the former simple trusses, and in their ver- 
tical action under a moving load entirely independent of 
each other; they are shown in Figs. 25 and 26. 



^^^^^^ 



Jt^. , 



I L N P 



NXiXiXIXM. 



Either of these is simply the other reversed. In this 
case, as well as in any combination of simple trusses, any 
number of panels, in either simple truss, extending from 
one end may be considered as fully loaded without 
throwing any weight upon the panel point outside the 
load as in the case of the Simple Truss (54). 

Let the moving load extend any distance from the 

1 * htt ^^^ ''^ truss of Fig. ]i)(-[i or that abutment 
on which a half panel end of the simple truss rests, 






then, 

is the reaction of the opposite abutment, and the great- 
est vertical strain at any point from the moving load 
passing to the unloaded abutment, to' being the weight 
_ of the full movable load. 
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But if the load extend from the oppofiite abutment^ 
or that on which a full panel end of one of these trusses 
rests ; then Eq. (45), 



y^^((^ -«)-:?*) 



will give the reaction of the opposite abutment and the 
greatest vertical strain. 

These equations depend for their applicatioii upon 
the length of the end panel of the simple truss upon 
which the load enters, and are not affected by the length 
of the panel at the other end of this simple truss. And 
since either simple truss may have a full or half panel, 
as the double truss contains more or less, either of the 
moving-load equations may be added to either of the 
simple-truss constant-load equations. There is no dif- 
ficulty, however, in determining how the addition is to 
be made in any case. 

If the moving load extend from the half panel end 
of the trusses of Fig. 25 and Fig. 26, and cover more 

than half the truss, then it is plain that : rri 

must be added to the equation of that simple truss which 
has a full panel end, since it is the braces of this truss 

that transmit the strain — ^-js to the unloaded abut- 
ment ; and if the load covers less than half the truss, 
then — ^^-Tp — - is acting upon the braces of the other 

simple truss between the end of the load and the centre 
of the truss. Hence we have this simple rule : 



THB 8TBENGTH OF BBIDGES AND ROOFS. 79 

— ^^i — — is to be added to the equation of that sim- 
pie truss which has full panel ends. 

Similarly it may be shown that jp [(Z — w)'— jp'] is 

to be added to the equation of that simple truss which 
has half panel ends. 



T5. Example of the Application of the Tertical Eqna- 
tioni.— 

In Pig. 23, let I = 210 feet, the length of the truss, 

d = 20 feet, the depth of the truss, 
^ = 10 feet^ the length of a panel, 
w = 10b tons, the weight of the truss, 
-m/ = 210 tons, the weight of a full 
movable load. 
Since Simple Truss No. 1 has full panel ends, we 
bave, 

for the maximum vertical strains in the braces of this 
rimple trass, and in the counterbraces of Simple Truss 
Na2. 

Substituting the values of the constants in Eq. (62) 
we have, 

210(210 — uY 105 _105_ 10\ 

^ "^ 4x(210)' + 4 ^2x210^""" 2J' 

(210 -- ttV 
= '^ 3^Q ^ + 26.25 - 0.25 («- 5). 
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This gives the maximum strains in the struts. For the 
tension in the ties, Eq. (62), must be multiplied by 1.414, 
the secant of the angle made by the ties with the ver- 
ticals ; whence we can form the following table : 



Values 
otu. 


10 


80 


60 


70 


90 


no 


-1 
180 


Strains 
in Tons. 


75 


68.6 


46.5 


88.8 


22.1 


11.9 


2.6 


Compres- 
sion in 


Ww& 

Aa 


nu& 

Cc 


Ss& 
Ee 




Oo & 

li 


Mm & 

LI 


Ek & 
Nr 


Strains 
in Tons. 


106.1 


82.9 


64.8 


47.1 


81Jd 


16.8 


8.7 


Tension 
in 


Wu& 
Ac 


ns& 

Oe 


X 


Qo & 

Gl 


Om & 

n 


Mk & 

Ln 


Ell & 
Np 



The strains in the end braces, that is, the end strut 
and the ties attached to it, in this and in the next table, 
are determined as follows : It will be seen by referring 
to the double truss with an even number of panels, that 
the strain on the end ties of either simple truss is the 
same as if it had been obtained from the constant-load 
vertical equation, with w' -^-w substituted for w, or the 
same as where the truss is fully loaded. This is because 
the simple trusses are entirely independent of each other, 
in their vertical action either under a full or a partial load. 
But in the present case, when the truss is partially load- 
ed, one half of one simple truss is connected by the 
counterbraces to the opposite half of the other simple 
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truss, and strains come, more or leas, upon these counter- 
braces, until the opposite halves of the same simple truss 
arc fully loaded, then the countcrbracea are released, and 
the moving-load equation is no longer applicable. Hence, 
in this case, the greatest strains upon the end bracesi 
"which are when the truss is fully loaded, are to be deter- 
mined from the simple-truss constant-load vertical Eqs. 
(60) and (Gl), w of these equations being changed to 
io'-\- to. 

Since Simple Truss No. 2 has half panel ends, we 
hiive, 

V = |^[('-''')'-y]+f--|-("'+i'> - (63) 

for the maximum vertical strains in all the braces of this 
simple truss, and in the connterbraces of Simple Truss 
No. 1. 

Substituting the constants in Eq. (63) we have, 



210 



' 4x(210) 

105 10^ 

2X210*^+ 2J' 

(210 — ttQ'— 100 

840 



,[(210 -»')■- u^nn-^- 



+26.25 - 0.25(i('+ 5). 



This gives the maximum strains in the struts ; for the 
strains in the ties, we must multiply Eq. (63) by 1.414, 
m before, except for the end ties, when it is multiplied 
by 1.118 (the secant of their angle); whence we can 
I form the following table: 
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Values 
of u'. 





20 


40 


60 


80 


100 


120 


Strains 
in Tons. 


75 


62.9 


49.3 


86.7 


25 


14.4 


4.5 


Compres- 
sion in 


Ww& 

Aa 


Vv& 
Bb 


Tt & 
Dd 


Br & 

Ff 


V 


Nn& 
Kk 


LI & 

Mm 


Strains 
in Tons. 


88.9 


88.9 


67.7 


51.9 


85.4 


20.2 


6.4 


Tension 
in 


Ab 


Vt & 
Ba 


Tr &. 

D£ 


V 


Pn & 

Uk 


Nl & 
Km 


Li & 
Mo. 



It will be observed that the struts LI and Mm are 
common to both trusses, and are subjected to a greater 
strain by Eq. (62), and that Kk and Nn are also com- 
mon, but subjected to greater by Eq. (63), or when the 
longer segment is loaded. The compression upon the 
end struts Aa and Ww, from the passing load, 76+75 
= 150 tons, the sum of the strains in the simple trasses. 

76. The i^nlncy Railroad Bridge. — The longest span 

of this bridge oflfers an excellent opportunity for the 
application of the p;receding formulae, as it is divided 
into an odd number of panels, with end panels differing 
from the others, and probably presents as complicated 
an example of the double truss as is likely to occur. 
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QUISCV RAILROAD BRIDIiE. 
Fig. 27. 

I — 247 feet, the leiigtli of the truss, 
d = 26 feet, the depth of the truss, 
P = 13 feet, tlie length of a panel, 
w = 198,150 lbs., the weight of the truss, 

uniformly distributed. 
w' = 328,750 lbs., the weight of the uniform 
full movable load. 
In this case, the panel points of Simple Truss No. 1, or 
the simple truss whose braces form the ceutre panel, are 
K, 1, M, n, O, p, Q, r, S aud t, to the right of the centre ; 
and to the left, I, k, G, h, E, f, C, d, A and b; the re- 
maining points are tho.se of Simple Truss No. 2. In 
the upper chord, the uniformity of the double truss ex- 
tends from A to S, and in the lower chord, from c to s ; 
Eqs. (56, 57, 58, 30) will therefore apply between those 
points, for the horizontal strains; from a to c and from 
s to u, the horizontal tension is readily found from the 
moment of the reaction of the abutment around A or S. 
This tension being greatest under a full lojid, where 
Wjfw . 

2 
deducting half panel load on the abutment, 

* These diuicnBionB and weiglita are from tlie description of llie QuIdc; 
' Bridge by Mr. T. C. Clarke, C. E. 



- is the reaction of the abutment, whence we have 
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_ wp wp" _ {w*+w)p (v/+ w)p* 

for the strain in a c and s u. 

Substituting the values of the constants in Eq. (56), 
w being equal to w'+ w^ we have, 

_ (328,750+198,150) X 2 47 ^ 328,750+198,150 

8X26 2x26x247 

13\*_ (328,750+198,150)13* 
^^"^ 21 8x26x247 

= 623,961 — 41.023(2 — 6.5)', 

Here, z is the distance from the centre to the panel 
points, and as this equation belongs to Simple Truss 
No. 1, the different values of z are 6.5, 32.5, 58.5, 84.5, 
and the amount of compression, given by the substitu- 
tion of these different values of z in the equation, is con- 
tained in that member of the upper chord on the abut- 
ment side of the points to which z is measured. 

Substituting the values of the constants in Eq. (57) 
we have, 

H = 630,894 - 41.023(« - 6.5)' : 

z is here the distance from the centre to the panel points 
of Simple Truss No. 2, and its values are consequently 
19.5, 45.5, 71.5, and 97.5, by the substitution of which, 
in the equation, we obtain the compression in the upper- 
chord members on the abutment side of the point to 
which z is measured. 
Eq. (58) becomes 

H = 630,894 — 41.023 {z + 6.5)\ 

tension in the lower chord on the centre side of panel 



THE STRENGTH OF BRIDGES AND KOOFS, Si 

points of Simple Truss No. 1, values of z being 6.5, 32.5 
58,5, and 84.5 ; and Eq. (59) becomes 

H = 653,961 — 41.023 (2 + 6.5)', 

tension in the lower chord on the centre side of pane 
points of Simple Truss No. 2, the values of z being 19.5 
45.5, 71.5, and 97.5. 

The strains in the lower chord are the same in 
amount as those in the upper chord between the same 
inclined braces, and consequently the lower-cord equa^ 
tions are only needed in this case to obtain the strain in 
c d and r s. 

From these equations, by the substitution of the dif 
ferent values of z, we can form the following table 0: 
Btrains in the chords 




L 


Valueii 
oil. 


a. 


t9.S 


8S.S 


4SJS 


68.S 


71.6 


8LS 


07.5 






Strains Id 
Iba. 


033961 


H28M1 


506328 


508498 


513035 


457S71 


374877 


201182 




CompreB- 
eiouin 


HI. IK 


LM 


FG& 
MN 


EF& 
NO 


or 


CD4 
PQ 


BCft 


AB& 

RS 




Btrtlnsln 

Ibe. 


033B01 


500220 


568408 


513035 


457571 


874377 


201163 


leossfl 


134702 


Tension 
la 


kl 


ik& 


hi& 


g^Jt 


fgft 
op 


pq 


deft 

q' 


cdi 


ftb.be 
st&,tu 




The load is upon the lower chord, consequently the 
struts have the same vertical strain as those ties to the 
upper ends of which they are attached. 


J 
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In the figure, the counterbraces needed under the 
efiects of the moving load are shown by the dotted lines. 
In the bridge itself there are counterbraces from every 
point in the lower chord, except the points b and t ; 
why the reason which compels the insertion of these 
superfluous counterbraces is not applicable to these two 
points it is impossible to say. 

When the moving load covers part of the truss, b and 
t may be considered as belonging to Simple Truss No. 1, 
for the other might be removed and this one would 
support these points. 

In which case this simple truss, then, has end panels 
of half the length of the others; that is, it. has a panel 
point distant from the abutment half the length of one of 
its panels ; and being connected with Simple Truss No. 2 
at the centre by the counterbraces, the maximum vertical 

strain in the braces of the latter, when u is less than ^y 
and in the counterbraces of No. 1, when u is greater than 

g-, is, from the moving load, 

v/ 

u^ as before, being the distance from the abutment to the 
centre of the panel in which are the braces whose strains 
are to be determined ; and adding to Eq. (61), we have 
for the total vertical strain, 

v/ w w v\ 

V=4^(i-ur + ^-22-(u + |). - - (64) 

The part of the moving load borne by the points b and 
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t may be considered as belonging to either simple truss; 

since the distance of one of these points is p from tJie 

nearest abutment, when it is loaded, the reaction of 

ti/p' 
the farther abutment is plainly (8) ~n~- When the 

load ent<?rs Simple Truss No. 2, which lias uniform end 
panels, the vertical moving-load strain from it is Eq. (45), 

'TrLi^ — ^')' — 'P'] ' to which add -^ and constant-load 
strain, Eq. (GO), and we have, 



,-/. *,. n '" " , . /' \ 



(65) 



for the total maximum vertical strains in the braces of 



of No. 2 when greater than -^ 

The ambiguity in regard to the load on the points 
b and t renders it necessary to -provide in one simple 
truss for a slight excess of strain. This arises from the 
fact that the symmetry of the truss is broken at these 
points. 

Substituting the values of the constants in Eq. (64) 
we have, 

328,750 198,150 ■ 198,150, 

^ = 43M247r <2^^ - "^ + —4: 2^2l7<«+6-5)' 

= 1.347(247 — tt)'+49,537.5 — 401.1(«+6.5), 

compr&«i9ion in the struts of Simple Truss No. 2, and 
vertical component of the tension in the tjes. V X 1.414 
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^ves the longitudinal strain of the latter. Whence we 
have the following table of strains in the braces of this 
truss : 



ValaeB of u. 


18 


89 


65 


91 


117 


143 


Strains ^n lbs. 


124,016 


B^fiOi 


65,477 


48^11 


22,765 




Compression in 


Sn&Aa 


Bfi&Bc 


Pq&De 


No&Eg 


Lm&Hi 




Strains in lbs. 


124,016 


126,648 


95,584 


61,100 


82A89 


5,858 


Tension in 


Sa&Ac 


Rq&Be 


Po&Dg 


Nm&Fl 


Lk&Hi 


Ui&Kn 



The compression in Aa and Su, and the tension in 
Ac & Ss is obtained from constant-load equation, w 
made equal to tiZ+i^?, and multiplied by 1.118, the 
secant of the angle of these two braces. When t* = 1 30, 
the strain in Ik and Kl is less than when the opposite 
segment of the truss is loaded. 

Substituting the values of the constants in Eq. (65), 
we have, 



198,150 



(tt — 6.5) 



2X247 
= 1.347 {I— m)*+ 50,220 — 401.1 (u — 6.5), 

t 

compression in the struts of Simple Truss No. 1, and 
vertical component of the tension in the ties ; VX 1-414 
gives the longitudinal strain in the latter, the strain in 
the end braces from the constant-load equations, as be- 
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fore ; whence we have the following table of strains in 
the braces of this truss : 



Values of tt. 


26 


63 


78 


104 


180 


Strains in lbs. 


124,016 


88490 


60,018 


88,058 


19,123 


Compresflion in 


Sa&Aa 


Qr&Cd 


Op&Ef 


Mn&Gh 


Kl&Ik 


Strains in lbs. 


156.860 


117^1 


84358 


54,662 


26,028 


Tension in 


Sr&Ad 


Qp&Cf 


On&Eh 


Gk&Ml 


El&Tm 



As the compression upon Su and Aa comes from 
both simple trusses, we have for its total amount, 
124,016+124,016+27,732X1.118 = 279,035 lbs. 

The tension upon Ab and St is the weight of a full 
panel load, 27,732 lbs. 

All the counterbraces needed in this truss are, Ih, 
Im, Ki, Kn, Lk, HI, Hi, Ik, Kl, and Lm. 
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CASE IV.— A TRIPLE TRUSS GONTAININa AN EVEN KUMBSB 
OF PANELS, 

Ty.— Let Fig. 28 represent a triple truss divided into 
an even number of panels. 



183183183182128188188128 1 




Pig. 28. 



Let I = the length of the truss, 
d = the depth of the truss, 
p = the length of a panel, 
w = the weight supported by the truss, uni- 
formlj' distributed, 
X, x' of' = the distances from one abutment to the 

panel ends. 



a? +Y' ^^' 



u &c. = 
H & V = the horizontal and vertical strains. 



7§. Horizontal Strains. — Under the maximum uni- 
form load, in which case the horizontal strains are the 
greatest, this truss may be considered as divided into 
three simple trusses whose vertical strains, or strains 
having vertical components, do not in any way affect 
each other. 
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These simple trusses, with the count orb racing shown 



m 

by the dotted lines in Fi^. 28 removed, are, Truss 
No. 1, Fig. 29, whose braces meet at the centre; Truss 



Ld FJi;. 30. LJ 

No. 2, Fig. 30, whose braces come next ; and Truss 
No. 3, Fig. 31. 



I 



Fig. 31. ^^ 

The regular panels of these simple trusses are equal 
to three panels of the triple truss in length ; Simple 
Trass No. 1 is uniform throughout-, and having a full 
panel length at the end may be considered as sup- 
porting the half panel loads resting upon the abut- 
ments. The end panels of Simple Truss No. 2 are 
two-thirds, and the end panels of Simple Truss No. 3 
one-third the length of their other panels ; and the sym- 
metry of both is broken at the centre. 

Under the uniform full load each simple truss bears 



one-third the weight. 



the reaction of each abut- 



ment upon Simple Truss No. 1, is therefore -^j, the 
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weight upon a segment of the truss, \ of "ot- x being 

the distance from the abutment to the panel points of 
the truss hence, 

is the horizontal strain in the upper and lower chords of 

Simple Truss No. 1. 

In simple Truss No. 2, the reaction of the abut- 

w 
ment is -g, the weight upon any segment of the truss is 

\ of -7(35' — 2jp), {pd being the distance from the abutment 
to a panel point of this truss, and confined to values less 

than "2 ) , and the distance of the centre of gravity of this 

of p 
weight from the point to which a/ is measured, is "2+ o" 5 

whence we have, for the moment of the load on a/, 
wx'^ wpxf wp* 

woi wx'^ wpxf vyp^ 

is the horizontal strain in the upper and lower chords of 

Simple Truss No. 2. 

Similarly, in Simple Truss No. 3, the reaction of each 

w w 

abutment is g-, the load on as" is \ of 7(a?"— p),(a:'" being 

the distance from the abutment to a panel point of tliis 
truss, and confined to values less than h']) and the dis- 
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tance of its centre of gravity from the point to vvliich a/' 
is measured is -g" + i^i whence we have for the motneat 



of the load on a:" 
Therefore, 






H7>.('" 






6dl 



tcpx" 



vyp* 



■ (68) 

is the horizontal strain in the upper and lower chorda of 
Simple Truss No. 3. 

These equations give the strains in the siini)le trusses 
on the abutment sides in the upper, and on the centre 
sides in the lower chord, of the points to which a-, x' and 
cc" are measured ; the strain in the upper chord of the 
triple truss, at any panel point, is the strain in that sim- 
ple truss whose panel point is at the same place, added 
to the simple-truss strains at the next two panel points 
towards the centre ; and, in like manner, the strain in the 
lower chord of the triple truss, at any panel point, is the 
ftrain in one simple truss at the same point, added to the 
aimple-truss strains at the next two panel points towards 
the ahutment. Hence, to find the compression in the 
triple truss at the panel points of Simple Truss No. 1, 
we must make a" of Eq. (68) equal to ic +p, a/ of Eq. 
(67) equal to .c+ 2^;, and add the equations so changed 
to Eq. (66); performing this operation, we obtain, 



wp wpx 



U~ 2dl~^ 2d~ dl' ' ' ' ' <^^^ 
For the compression in the triple truss, at the panel 
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points t>f Simple Truss No. 2, make x of Eq. (66) equal 
to fl?'+jp, fl?'" of Eq. (68) eqaal to af+ 2p, and then, add- 
ing to Eq. (67), we have, 

^^ 2d~ 2dl^ 2d dl ^ 2dl ' ' ^'"' 

For the compression at the panel points of Simple Truss 
No. 3, in the triple truss, make a/ of Eq. (67) equal to 
x'^+py X of Eq. (66) equal to a? + ^pt and, adding to 
Eq. (68), we have, 

__ wx'^ wx"* vyp wpcif' 

the same as Eq. (69); or, but two equations are re- 
quired for the upper chord, one, Eq. (69), for the points 
of Simple Trusses No. 1 and No. 3, and one, Eq. (70), 
for the points of Simple Truss No. 2. 

In the lower chord, by a similar process, and substi- 
tuting — p and — 2p for p and 2^, we obtain one equa- 
tion, 

_ _ mr wx* wp wpx 
^'"2d~'2dl~'2d^'W • • - • (72) 

for the tension in the triple truss at the panel points of 
both Simple Trusses, Nos. 1 and 2, and, 

_ __ vxjc*' wx"* wp wpx'^ wp^ 
^^'2d~'2dl'^ld'^1l 25? " ^^^^ 

for the tension in the triple truss at the panel points of 
Simple Truss No. 3. 

These equations, giving the maximum strains in the 
chords of the truss of Fig. 28, will remain the same so 
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long as the trusa contains an even number of jjanela, 
and are not afl'ected by the end panels of tiie simple 
trusses. That U to say, if, in the case supposed, another 
panel be added at either end, though Simple truss No. 1 

will then support i{if y^j + -(-; Simple Truss Na 2, 

the same, and Simple Truss No. 3, ^{w ,-) , the same 

equations will still apply ; the trusses being numbered, as 
in tliis case, from the centre. It must be remembered 
that the moment of the load on any simple truss is not 
atFected by the proportion of the full load which it bears, 
but depends upon the length of the end panel of that 
simple truss. For example, if this truss be lengthened 

two panels, Simple Truss No. 1 bears ■ ^, but the 

momeut of the load upon it is, because its end panel is 
one-third the length of its other panels, the same as the 
moment of the load upon Simple Truss No. 3, in the 
example above, which has a panel of equal length, or. 



wpx 



«(«"*" '='" ^-J' 






I 



This is because the centre of gravity is affected by the 
length of the end panel. 

t9. Strain In llie Second Lower-Chord IMcmbrrs,— 

In the lower chord, as the equation applies to the abut- 
ment end of any member, it is evident that, to obtain 
the strain in the second member from the abutment, we 
require the simple-truss strain for the point next the 
abutment, added only to the simple-truss strain at the 
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panel point on the abotment^ as the latter is the only 

m 

panel point on the abatment side which may be added 
to the former. Bot making x, in the equation of the 
latter simple trass, zero, this strain becomes zero, and 
we need, consequently, only the simple-truss strain at 
the point one panel length from the abutment. This 
strain ynH differ as the point may belong to the different 
simple trusses, and is simply the reaction of the abut- 
ment upon that simple truss to which the point referred 
to belongs, multiplied by jo and divided by d. 

If the point belongs to Simple Truss No. 1, the re- 
action of the abutment is always, 

whence we have, 

H=i+^ ■ - ■ <'*) 

for the strain in the second or next to end member of 
the lower chord. 

If the point belongs to Simple Tmss No. 2, the re- 
action of the abutment is always, 

-.{w pj, 

whence we have, 

for the strain in the second member. And if the point 

belongs to Simple Truss No. 3, the reaction of the abut- 

w 
ment is always ^. whence we have, 
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H = 



wp 



(76) 



\ 



for the strain in the second member. 

There is no strain in the end members of the lower 
chord, and the strains in all the other members may be 
obtained from the regular equations given above. 

If the inclined braces were struts, instead of ties, a 
similar process would determine the strains in the cor- 
responding; members of the upper chord. 

SO. VorUcal Strains from the Comtant Load. — The 

vertical equations are obtained from the simple-truss 
horizontal equations, as in the previous cases, because, 
Dtider a full load, the simple-truss braces are uncon- 
nected, and act independently of each other, and the 
difference in the horizontal strains in any simple truss 
at X and at x +3/), or at the two ends of a panel, is the 
horizontal component of the strain in the inclined brace 
connecting these two points, and, as before, the ver- 
tical component may be obtained from the proportion, 
Zp\d. 

In Simple Truss No. 1, if the end panel be of uni- 
form length with the others, or equal to Zp^ 



H=! 



iot' 



■ Gd Gdl' 

is the horizontul strain ; if the end pand = 2p, it be- 
comes 



H^ 



«w t^ -wp* 
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and if the end panel = J9, it is 

-_ __ w?a? w^ wp* 

from either of which equations we obtain, as befor^ 

^'"6"~"3r^ • . . . (77) 
for the vertical strain from a constant load in Simple 

Truss No. 1, w being equal to fl? + -|-, or the distance to 

the centre of a panel of the simple truss. Whence we 
see that the vertical equation is independent of the pro- 
portion of the whole weight which the simple truss may 
sustain. 

From Eq. (67) we obtain^ 

^ = -.-3>-|). ■ ■ • - («) 

for the vertical strain ia Simple Truss No. 2. And 
from Eq. (68) we obtain, 

V =!->■+ r). — (^») 

for the vertical strain in Simple Truss No. 3. 

In these equations, t/, u\ and u" represent the distances 
from one abutment to the centres of the panels of the three 
simple trusses, and in Simple Truss No. 1, the difference 
in the different consecutive values of t^ is uniform, or 
equal to 3jp; this is true of u* and w" only to the centre 
of the truss, because the simple trusses to which they be- 
long are not uniform beyond that point If, in Eq. (79), 
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u" be made greater tliaa y-, and the regular increment 
in its values be kept the same, 3^, it becomes the dis- 
tance to the centre of a panel of Simple Truss No. 2, 
and the values of V will then give the vertical strains in 
the latter truss passing to or sustained by the abutment 
opposite to that from which u" is measured. This may 
be proved by making u" — I — -u' whence we shall have 
the equation of Simple Truss Na 2, with the minus 

sign. Similarly, if u' be made greater than ^, we ob- 
taan. the vertical strain in Simple Truss No. 3 beyond 
the centre. 

81. TerHcal SiroiDi from the noTing Load, — !Disre- 
garding the constant load, if we suppose one end of the 
truss to be loaded, and trace the course of the vertical 
strain to the other end, we find, in Simple Truss No, 1, 
that it follows the braces and counterbraces of that 
truss throughout ; but in the other simple trusses, the 
vertical strain at the centre passes through the counter- 
braces from one to the other; or, if we consider a part 
less than one-half of either Simple Truss No. 2 or No. 3 
as loaded, the farther abutment reacts upon it through 
the other simple truss. Hence we have, under the 
moving load, two other simple trusses, composed of the 
oi>posite halves of Simple Trusses Nos. 2 and 3, as 
shown in Figs. 32 and 33— one being the other reversed. 
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Fig 38. 



The dotted lines represent the counterbraces. 
In the figure, Simple Truss No. 1 has a panel end 
equal to Sp. Let u be the distance from one abutment 

to the centre of any panel, then J of -t-(Z — u ~jr 

(v/ being the weight of the full uniform moving load), 
will be the weight upon the panel points of this truss 
within the space I — u^ and u being unloaded, ^(l — t* 

+ ~) is the distance of the centre of gravity of this 

weight from the loaded abutment, or the abutment from 
which the load extends ; dividing by Z, and multiplying 
the above quantities (8) we have. 



XT ^'//7 X ^P* 



.(80) 



for the reaction of the unloaded abutment and the ver- 
tical strain throughout the unloaded part. 

Adding Eq. (80) to Eq. (77), we obtain the max- 
imum vertical strain in Simple Truss No. 1, from the 
moving and the constant loads. 

In Fig. 32, which has the left end panel equal to p^ 

and the right end panel equal to 2p, let u'^ be the dis- 
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tance from the right abutment to the centre of any 

panel, and tbe length of the unloaded portion of the 

. truss. Then, if the left segment of this Iruss be loadetl, 

J of -i-(l — u" + y-j will be tlie weight upon the panel 
points within the distance I — u", and the distance of 
the centre of gravity of this load from the left abutment 



will be 1(1- 



-E\ 



I 
I 



v = ^((«-«"y- 



(81) 



for the equation of the moving load when the load ex- 
tends from the left end ot" Fig. 32, or the right end of 
rig. 33, or that end of either truss which has an end 
panel equal to p, and is to be added, in this case, to the 
equation of the simple truss at the unloaded end of this 
troHB, or to Eq. (79). 

In Fig. 33, which has the left end panel equal to 2p, 
and the right end panel equal to p, let u' be the distance 
from the right abutment to the centre of any panel, and 
the length of the unloaded portion of the truss ; then, if 

the left segment of the truss be loaded, J of -,-(Z — u' 
• — g- will be the weight upon the panel points, within 

the distanced — tf\ and the distance of the centre of 
gravity of this load from the left abutment will be J of 



;('-«' +5 



, whence we have. 



ww-''y-l\, 



(82) 
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Slime as Eq. (81), for the equation of the moving 1 
when the loud extends from left Mjd of Fig. 33 or right 
end of Fig. 32, or that end of either truss which has a 
panel equal to 2pf and is to be added to the equation of 
the simple trusa at the unloaded abutmeoL 

It will be seen that, as the triple truss may vaiy« 
in the number of its panels, any one may have an end' 
panel equal top, 2/j, or 3p, and consequently, either of 
the equations of the moving load may, in different ex- 
amples, a|)ply to either of the simple trusses; the appli- 
cation depending solely upon the length of the end paneL 
The moviug-Ioad equation, in any case, is to be added to 
the constant-load equation of that simple truss tbrougfal 
whose braces the reaction of the unloaded abutment ac-tq 
to obtain the maximum vertical stmn. 



S3. Horizontal Eqanllono, wUb the variable mo 
nrod from the Centre of Oic Truii.— In Eq. (69) tnakfel 
I 



H=W-M((=^ -■?»■+!&• • - • <*'> 

for the compression in the upper chord at the paw 
points of Simple Trusses Nos. 1 and 3. 

; 

In Eq. 70, make of = g- — 2', and we have, 
for the compression in the upper chord at the pand 
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points of Simple Truss No. 2, z and z' being measured 
from the centre of the truss. By measuring from the 
centre of the truss, Instead of from the ends, the eqaa^ 
tions are simpler and more readily applied. 

83. — Example. 



Let Fig. 34 represent a triple truss with an even 
number of panels. 

Let I ^ 2i7 feet, the length of the truss, 
d = 2G feet, the depth of the truss, 
p = 9.5 feet, the length of a panel, 
to = 100 tons, the constant truss weight, 
to' = 160 tons, the full mo\able weighL 
The load is upon the lower chord. The simple- 
truss panel points are distinguished in the upper chord 
b}' their numbers. 

S4. iiorizoniBi sirains — For the upper-chord com- 
pressions we have Eqs. (83 and 84), which, with the 
valaes of the constants given above, are, 

260x247 _ 260 _ 260 X (9.5)' 

8 X 26 2 X 26 X 247 *-^ ^^ "•" 2x26x247' 

= 310.58 -^f>:. 

for the points 1 and 3. And i 



H = 
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260 X 247 
8X26 



260 



- 2X26X247 (^-^)'=^Q^-^^ 



H = 

49.4 * 
Whence we can form the following table of strains in 
the upper chord. 



Values of 
eand-e'. 





9Ji 


19 


28aif 


88 


47.5 


57 


Strains 
in Tons. 


808.76 


808.75 


808.75 


803.27 


292.81 


281.85 


864.91 


Compres- 
sion in 


N0& 
ON' 


MN & 

N'M' 


M'L' 


KL ft 

L'K' 


IK ft 
K'l' 


Hlft 
I'fl' 


OH ft 
H'G' 



{Continued) 



Values of 
s ands' 


66.5 


76 


85.5 


95 


104.5 


114 


Strains 
in Tons. 


242.98 


221.06 


195.66 


160.78 


127.89 


89.53 


Compres- 
sion in 


FG& 
OF' 


EFft 

FE' 


DEft 
ED' 


CD ft 

1 


BCft 
C'B' 


ABft 
B'A' 



In the lower chord, as the tensions are equal in 
amount to the compressions in the upper chord, between 
the same inclined braces, we have only the second and 
third members from the abutments to determine, the first 
member being subject to no strain. Since the point one 
panel length from the abutment belongs to Simple Trass 
No. 1, we have for the strain in be and c'b', Eq. (74), 

„ 260x9.5 . 260X(9.5)* _ ^^ 



6X26 



6X26X247 
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and from Eq. (73), making a?"= 19, we have the tension 
in cd and d'c'. We can consequently form the fol- 
lowing table without further calculation for the lower- 
chord tensions : 



Stnina in Tons. 


808.27 


202.81 


281.35 


264.01 


242.08 


221.06 


Tension in 


no & 

on' 


mn & 

n'm' 


Im & 

ml' 


k1& 
I'k' 


ik& 
k'i' 


hi& 
iV 







(C<mtinued.) 








Stnina in Tons. 


105.66 


160.78 


127.80 


80.53 


45.67 


16.44 


Tonfllonin 


gh& 




ef & 
fe' 


de & 
e'd' 


cd& 
d'c' 


bc& 
cb' 



M. Tertlcal Straini. — Since Simple Truss No. 1 has a 
panel point distant/) from the abutment, Eq. (81) will 
give the strains from the moving load, and adding this 
to Eq, (77), we have 



V)"lt 



(85) 



Substituting the values of the constants, we have, 
V = — i^-^ f(247 - u")'. (^-^^^ • ^^^ 



4 ; 



]+ 



3 X (247) 

^Q3Q2y [(247 - u")'— 22.5625] + 16.67 

u" 
7.41' 
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The first value o£ v!' in this equation is — 4. 75^ be- 
cause the centre of the first panel of this truss, if it were 
uniform with the others, would be 4.75 feet bade fixnn 
the abutment ; the other values of vl^ are the aucoessi^e 
distances fi:'oin the abutment to the centres of the panels ; 
whence we can form the following table of compression 
in the struts of this simple truss : 



Values 
oft*". 


—4.75 


28.75 


512.25 


80.75 


109.25 


187.75 


Strains 
in Tons. 


45.00 


85j28 


26.18 


17.64 


lOJM) 


aJM 


Ck>mpreB- 
flion in 


Aa& 

AV 


Bb& 
BV 


£e& 
EV 


miA 
HTi' 


LI & 


Co 



The next value of w" will give V a negative value. 

The tension in the ties is found by multiplying Eq. 
(85) by the secants of their angles, which, for the end 
ties, is 1.065, and for the others, 1.48 ; whence we can 



form the following table : 



Values 

of 11. 


— 4.75 


23.75 


52.25 


80.75 


109.25 


187.74 


Strains 
in Tons. 


47.82 


52.14 


88.75 


26.4 


15.1 


4.85 


Tension 
in 


Ab& 
A'b' 


Be& 
Be' 


E'li' 


HI & 

HI' 


Lo& 1 
To' 


01 & 

or 



The strains in the end braces are given by Eq. (85) 
as well as by the constant-load equations, since this sim- 
ple truss is the same under the moving as under the con- 
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staf it load, but in the other simple trusses it is different ; 
there, as before explained, the strains in the end braces 
are to be obtained from the constant-load equations 
alone. 

Since Simple Truss No. 2 has an end panel equal to 
3p, we must add Eq. (80) to Simple Truss No. 3 con- 
stant-load equation, Eq. (79), for the vertical strains in 

all the braces of Simple Truss No. 3, and in the counter- 

l 
braces of Simple Truss No. 2, when w" is greater than -^ i 

whence we have, 



v= -(,,_„.,-¥) 



+ 



w 



!-(»"+ f)' -w 



Sabstituting the valaes of the constants, 

V = i8^C<247 - wy— 203.0625] + 16.67 

_ u"+ 4.75 
~ 7.41 

The first value of u" is 4.75, whence, and the other 
valaes ol u", we can form the following table : 



Valaes 
of «". 


4.75 


88J35 


61.75 


90.25 


118.75 


147.25 


Stniiui in 


40.00 


81.5 


22.68 


1457 


7.18 


0.5 


OonipTM- 
ikmin. 


Aa& 

AV 


C'c' 


Ff& 

FT 


n & 

ir 


Mm & 
Mm' 


Nn& 
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The end braces from the constant-load equations as 
before, w'+ w being put for w. 

Multiplying Eq. (86) by the secants of the angles 
made by the ties, which for the end tie is 1.24, 'and for 
the others 1.48, we can form the following table : 



Values 
otu". 


4.75 


88J35 


61.75 


00.25 


118.75 


147.25 


Strains in 
Tons. 


49.60 


46.62 


83.67 


21.56 


10.68 


0.74 


Tension 
in 


Ac& 
A'c' 


ar 


Fi& 
Fi' 


Imft 
I'm' 


Mn'ft 
M'n 





Finally, since Simple Truss No. 3 has an end panel 
equal to 2p, we must add Eq. (82) to Simple Truss No. 
2 constantpload equation, Eq. (78) for the vertical 
strains in all the braces of the latter, and in the counter- 

braces of the former, when u^ is. greater than -^ ; whence 
we have, 

v=f(('-«T-9+f-5("'-f)- ■ w 

Substituting the values of the constants, 



V = 



8 



18302.7 



[(247 — u') — 22.5625] + 16.67 



yy— 4.75 
~" 7.41 ' 

whence from the different values of u' we can form the 
following table : 
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TaloM of u'. 


14:23 


43.7S 


TISS 


BB.75 13SJU 


StnOiuiiiToM. 


40.00 


28.67 


91.10 


13.23 6.07 




AV 


Ddft 
Dd- 


%%'' 


Ek' 


N'u- 



The cotopression in Nn and N'n' is greater in this 
case than in the previous. 

Multiplying Eq. (87) by 1.48, the secant of the 
angle of the ties, we can form the following table : 



I 



Viloesofu'. 


14.25 


43.75 


7153 


8B.75 


128.95 


SUmina in Tona. 


B9J» 


43.93 


81.93 


in.58 


6.98 


TensioD in 


Ad& 

A'd' 


V 


Qk' 


EqJe 


Nm't 



The total compression in the end struts is the sum of 
the compressions in these struts in the abo\e tables, and 
is consequently 125 tons. 

In the example just given the length and depth of 
the truss, and the weights, are the same as in the ex- 
ample taken from tlie Qiiincy Railroad Bridge. 

86. Grelthauicn Brldgo. — The large iron railroad 
bridge (Fig. 35) over the Rhine at Greithauscn, is a triple 
truss containing an even number of panels. It possesses 
one peculiarity found in some other bridges in Europe, 
but rarely, if ever, occurring in this country. This pecu- 
liarity is, that each of the simple trusses has a separate 




no 
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end struts two of which are placed back fix^m the edge of 
the abotrnent 



tt»tt1Stlttltt-lttltt l,«,t-l 11 T 1 » 1 »i-1 t • I 1 1.1 •«, 
Asc OK r mm i k CMVorQBtTVT w x'w'y'w' t'«' bV r**/ n'w'i.'ii' i* ir«i'r'ie'»V»'Af 





d • f g h 1 k Imaopq r • t n ¥wxwVn'f ■'r'q'p'o'n'iBTkllKgTc^d' 

GBETTHAnSEN BBIDOE: 

This urrangement, shown in the figure, possesses but 
slight mechanical advantages, if any, over an end strut 
common to the three simple trusses ; and whatever these 
may be, they must quickly disappear when we consider 
that any increase of length in a truss adds to the hori- 
zontal strain in both chords throughout their lengths, 
though the weight remain the same. For, m the 

Eq. (15) 

wt 



H = 



8rf' 



H increases directly slsI; w and d reraaining ccmstant, 
and in Eq. (14), 



wx wx 



2d 2dl 

H is increased at any point by any increase in the value 
ofZ. 

By this elongation of the length of the end panels, 
the moment of the reaction of the support upon two of 
the simple trusses is increased, but the reaction of the 
suf^rt itself is unaffected^ as well as the moment of the 
load upon any segment, ol No general equation can be 
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given for a case of tbU kiud, but a s[>ecial equation 
must be obtained for each simple truss that may be 
_ elongated. 

I Let — be the reaction of the support upon any simple 

tmss; then, if this support is at the abutment, at the 

distance of x from the abutment, the moment will be 

ivx 

; but if the support be removed backward a distance 

a from the abutment, the moment will be ~{x + a). 
The moment of the load on x remains the same, and we 
■have for the difference between the two cases a constant, 
i this divided by d, the depth of the truss, is an in- 
creased amount of strain to be added to the horizontal 
I equations. 

S7. norlxonlal Slratni. — Tlie dimensions and weights 
of a truss of this bridge are as follows, the latter being 
\ itsaamed : ■ 

I = 320 feet, the distance between the abutments, 
d = 24 feet, the depth of the truss, 
p = 8 feet, the length of a panel, 
a = 2 feet, the length of each of the two small 
end panels, 
n/ = 250 tons, the weight of the full moving load, 
w = 130 tons, the constant truss weight. 
Simple Trass No. 3 is not extended. Simple Truss 
I ITo. 2 is extended 2a, its load is "a + ^~^ > '■^^ moment 
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of the reaction of its support is therefore [-« — —vj 
{x + 2a), and the excess, owing to the elongation of the 
end panel, is -^ H ^r—. Simple Truss No. 1 is ex- 
tended a ; its load is -« ^ ; the moment of its sup- 
port is I -^ — -^ j (a? + a), the excess from the lengthened 

end panel, -^ — -^ ; adding these two quantities, 
and dividing by rf, we have, 

for the increase in the compression in the upper chord, 
between the points B and B', and the increase in the 
tension in the lower chord, between the points e and e'. 
Adding this quantity to Eqs. (83 and 84), and substi- 
tuting the values of the constants given above, we have 
for the upper-chord strains, 

H = 651.14 — .02474(z— 8)', 
for the panel points of Simple Trusses N08.I and 3, and 

H = 649.56 - .02474 (z — 8)', 
for the panel points of Simple Truss No. 2. 

The strain in A B and A' B' is most readily obtained 
by multiplying the reaction of the support upon Simple 
Truss No. 2, given above, by 12, the distance of the last 
panel point, and dividing by 24, the depth of the truss. 

The strains in the lower chord are taken from the 
strains in the upper chord between the same inclined 
braces. Her)ce we form the following table of strains in 
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"the chords, w -i- w' being substituted for w in the equa- 
tions : 



1 


Valnea of >. 


e 


IS 


24 


82 


40 


48 


96 


Stnins in Tode. 


e48.S0 049.60 


649.56 


644.81 


6S5.S1 


62S.81 


S11.S6 


593.51; 




xw 


wv 


DVft 
V'U- 


TU4 
VT 


ST A 
T'8' 


8'R' 


R'y 


gp- 


— " 








wxb 


vwi 


t'u' 


tuft 


Bt ft 

Vb' 



V.1UM 

of.. 


« 


73 


80 


88 


06 


104 


118 


Totts. 


573JB 


64B.81 


531,31 


502.81 


450.56 


421.56 


383,56 


CompreB. 
riuD in 


OP ft 
PC 


NO ft 
ON' 


N'M' 


LHft 
M'L' 


EL ft 




HI ft 
IH' 


TenBion 

it) 


te ft 

b'c' 


qrft 


pjft 

qp 


opft 


nnft 


mo ft 


Imft 

m'l' 



Vdoes 
of I. 


120 


128 


136 


144 


152 


ICO 




StnilDBlD 

Tom. 


340.S1 


S&3.S1 


241.81 


193.5S 


136.56 


79.50 


83.25 


"s-s- 


GH& 
HO' 


FQft 
OP" 


EFft 
F'E' 


DE& 
ED' 


CD ft 
D'C 


C'B' 


ABft 
B'A' 


Tendon 
in 


kl ft 

rk' 


Ik ft 

k'i' 


Uft 

til' 


\V 


1? 


Bf ft 

fa' 


deft 
e'd' 
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8S. Verllcal Strains from the ConMianl Loud.— As tq 

Eqs. (77, 78, and 79) represent the weight at any poii] 
borne by the simple trusses between that point and tbo'l 
point of no vertical strain, it is evident they are un- 
affected by the peculiarity of this case, and apply with- 
out chaoge. ^M 



99. Tcrllcal Siralna ft-om the noting Load. — ^The ver- 
tical strain Irojn the moving load is affected by this 
change or elongation of the end panels, as is cvideoL, 
when we consider the effect upon a lever, loaded at 
other point than the centre, of increasing its length 
either or both ends. 

The equation of the moving load, being the reactii 
of the unloaded abutment, depends entirely upon 
principles of the lever, and is affected by any arraai 
raent of the simple trusses that alters the position of 
centre of gravity of the load on the segment i — tf, 
well as by any elongation of the trusses. 

Let the load be supposed to enter Simple Truss 
No. 1, at the end, then the weight on the segment i — «*, 
u being the distance from the abutment beyond thcit 



. ^f^,, 



to the end of the load, is ^ of ^(l 

length of the lever, or Simple Truss No. i,Jsl-\-2a, 
and the distance of the centre of gravity from the sup- 
port on which the truss rests at the loaded end is 






HI' 



* + !■+»; whence we have for the eqnnt 



of the moving load on this truss, 
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V = «(7f2Sjn'-'')- T + 2« ('-"-!] ]■ • (8') 

It must be remembered that I U the distance between - 
the abutments, or points c and c', and not the outside 
length of the truss; and « the distance from the abut- 
ment and not from the end of the truss. 

Adding Eq. (88) to Eq. (77), we have the greatest 
vertical strain in the truss. 

Next, let the load be supposed to enter Simple Truss 

No. 2, at the end ; the load on the segment I — m' is J of 

«/ . p] 

-j-(l — " + 2" » tlie length of thU truss, since Simple 

Truss No. 2 is added to Simple Truss No. 3, at the centre, 
is i+ 2a, and tlie distance of the centre of gravity from 



+ 2fl, therefore, 

which ia to be added to Eq. (79) for the total vertical 
strain. And, lastly, the load on I — u" in Simple Truss 

No. 3, is I of -^(^—w" — -£|; length of the truss ; + 2a; 

I find the distance of the centre of gravity, J (? — u'+ -^\ I 
I therefore, 

^to be added to Eq. (78) for the total vertical strain. 
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Substituting the values of the coiistants in Eq. (8ffi 
and Eq. (77) added, we have, 

(320 -,,)-^„+ 1248 13 

2488 + 21-"-96"- 

whence we can form the following table of strains in t 
struts of Simple Truas No, 1 ; the load being upon i 
lower chord : 



Values ot u. 


4 


28 


S3 


70 


100 


134 


148 


173 


BtndDB in Tons. 


61.75 


53.61 


43.83 


85.0B 


37,62 


20.63 


18.78 


7.4 




B'b' 


Eeft 


Kli& 
H'h' 


L1& 
L'l' 


Oo& 
Go' 




Unft 


Xi. 



Multiplying the vertical strain by 1,414, the i 
of the tie angle for all the ties except the end ones, whid 
are to be multiplied by 1,6G7, we have the followinj 
table of tensions in the ties : 



VsIdm 
of u. 


4 


28 


53 


78 


,» 


134 


148 


172 


166 


Strains In 

TODB. 


mM 


74.80 


03.10 


50.47 


89.48 


39.16 


.,.« 


10.46 


S.O0 


TenaJon 
in 


Be4 

B'E' 


Eh& 
Eh' 


HIS 
HT 


LoJc 

L'o' 


Or' 


H'q' 


C'l 


Xn'Ii 
Xn 


Ur 



Substituting the values of the constants in Eqs. (90 
and (79) added, we have, 

(320 -"')'- 8"'+ 2560 , ,, „, 13 

2488 + ^'-^ %<" + *)• 
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ft-hence we can form the following table of compression 
in the struts of Simple Truss No. 3, and counterstruts of 
Simple Truss No, 2, Tlie end braces from the constant- 
*oad equation. 



VJoes of «•. 


IS 


3S 


eo 


H 


106 


133 


IS6 


180 


gtmlnB in Toub. 


.,.» 


4D.5T 


41.00 


32.89 


2S.24 


17,66 


11.34 


6.08 




CV 


ft 


,1. 


MmS 
Mm' 


%'^ 


Salt 
Si- 


V v' 


W'w' 
k VVw 



Multiplying the vertical strain by 1.414, we have the 
foHowitig table of tension in the ties of Simple Truss 
No. 3, and connterties of Simple Truss No. 2 : 



Tilues of «', 


13 


. 


m 


84 


108 


132 


150 


180 


SlralM in Tone. 


80.00 


70.09 


6B.B7 


40.51 


34.29 


24.83 


10.03 


7.8 
Wl. 


TenaioQ in 


Ctti 


Fl* 
TV 


Imlc 

I'm' 


M'p' 


Pb& 




Vw'i 
Vw 



Substituting the values of the constants in Eqs. (91) 
and (78) added, we have, 

(320— u")- 144 . „, ^^ 13, „ ,, 
24^ + 21.67-^<«"-4), 

whence we can form the following table of compression 
in the struts of Simple Truss No. 2, and counterstruts of 
Simple Truss No. 3. The end braces from the constants 
load equations. 
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Valaea 
of u". 


- 


ao 


44 


6B 


92 


116 


140 


164 


18B 


Strains 
in Tons. 


66.5 


65.61 


46.81 


88.47 


80.59 


28.17 


16J31 


9.73 


8.69 


CompreB- 
sion in 


AV 


Ddft 
D'd' 




Kk& 

K'k' 


Nn& 

N'n' 


Q'q' 


Ttft 
T't' 


W'w' 


VV 



Multiplying the vertical strain for the end ties by 
1.118, and for the others by 1.414, we have the fol- 
lowing table of tension in the ties of Simple Truss No. 
2, and counterties of Simple Truss No. 3 : 



a. 

Values 

of tt". 


-4 


20 


44 


68 


92 


116 


140 


164 


188 


Strains 
in Tons. 


7485 


78.68 


66.19 


54^ 


48.25 


82.76 


22.92 


18.74 


5.22 


Tension 
in 


AdA; 
Ad' 




Gk& 
G'k' 


Kn & 
K'n' 




QtA; 
Q't' 


Tw& 

T'w' 


W'T 


VVA 
Vs 
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CASE T.— A TRIPLE TRUSS CONTAINING AN ODD NITMBEB 
OF PANELS. 

»o.— Let Fig. 36 represent a tri|>le truss composed of 
three simple trusses, and containing an odd number of 
jjanela, the couDterbraces being shown by the dotted lines. 

I 3 a 1 a 3 1 3 3 



1!I!!II!::HII1!III1 



Let I = the length of the truss, 
d ~ the depth of the truss, 
p = the length of a panel, 
w = the weight supported hy the truss, 
^ 0* & ie" = the distances from one abutment to the 

panel ends, 
, u' & u" = the distances from one abutment to the 
centres of the panels of the simple trusses. 
H & V = the horizontal and vertical strains. 

The simple trusses composing the triple truss are 
numbered, as in the previous case, from the centre, 
th^ panel points belonging to each being shown in the 
figure by the numbers. 

^L 91. norizonial siratni. — Under the maximum uni- 
^H>nn load, u\ the weight on simple Truss No. 1, is 
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^(w — -^ j -| — ^^ and the moment around any panel 

point of this simple truss of the weight on the segment 
X is, as in the previous case where the simple trass had 

the same end panel, ^ of -^^ 

whence, 

The "weight on simple Truss No. 2 is \{w ^] 

and the moment around an}' panel point of this simple 

pwx' V}p*\ 

whence, 

u^ wod* wp* 

The weight on Simple Truss No. 3 is ^(w 7^] , 

and the moment around any panel point of this simple 
truss, of the weight on the segment (v", is, as before, 
, (wx^'* wpx" wp^\ 

*i"2r + "2z rj' 

whence, 

_ w^ w^ wj^ wp' 
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These are the horizontal strains in the upper and 
lower chords of the simple trusses at their different 
panel points. Following the same process which was 
pursued in the previous case (77), in adding the simple- 
truss equations, we obtain, 

(95) 



(96) 



for the compression in the upper chord of the triple 
truss at the panel points of the Simple Trusses No. 1 
and No. 2. 

For the panel points of Simple Truss No. 3 we ob- 
tain, by the same process, 



_ wx wx m> 


■T- 


-Zi 


Making a; = 5- — ^i we have, 






TT *"^ ^ / V. 


. 


■ 



„ wl VJ 



wp 

"ST' 



(07) 



z and / being the distances from the centre of the truss 
to the panel points of the respective simple trusses. 

For the tension in the lower chord of the compound 
truss, in like manner, we obtain, 



wl 



wp* 



(98) 



[ lor panel points of Simple Truss No. 1, and 

wl w , , , 

M--2a&'+i>y< ■ - ■ <9') 

ior the panel points of Simple Trusses No. 2 and No. 3, 
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These lower-chord equations will not apply to the 
second panel from the ahutnient| as that member is only 

within the action of two of the simple trusse&i when x 

in one of them equals zero, as explained in (78.) * 

If the point in the lower chord distant p from the 

abutment belongs to Simple Truss No. 1, the reaction 

of the abutment upon this truss is always, 

w wp 
whence, 

^-W+M" (^"^> 

If the point belong to Simple Truss No. 2, the re- 
action of the abutment upon this truss is always, 

whence, 

And if the point belong to Simple Truss No. 3, the re- 
action of the abutment upon this truss is always. 



K»-f). 



whence, 

M. Tertleal Strain from a Constant ltoad«-*-Deducing 

the equation^ of the constant vertical strain from the 
horizontal equations for the simple trusses, as the ver* 
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tical straiDS in the different simple trusses are independ- 
ent of each other, we have, 



'for Simple Truss No. 1, 



'V = i- 



(103) 



(104) 



for Simple Truss No. 2, and 

^ = f-5(""+H ■ ■ - COS) 

for Simple Truss No. 3. 

93. Vortical Strain* from tlio Movinv Loud. — In this 

case, Simple Truss No. 2 is always symmetrical at the 
centre, or its opposite halves are united by the counter- 
bracing, while one half of Simple Truss No. 1 is con- 
nected by the counterbraces with the opposite half of 
Simple Truss No. 3. This arrangement, however, does 
not affect the equations for the moving load, and Eqs. 
(80 and 81) apply in this case as well as In the pre- 
vious; their application being governed V)y tlie same 
principles. 

94. — Example. — Let Fig. 37 represent a tnple truss 
composed of three simple trusses, and containing an 
I odd number of panels ; loaded on the lower chord. 
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Let Z = 230 feet, the length of the truss, 
d = 20 feet, the depth of the truss, 
j9 = 10 feet, the length of a panel, 
vy = 230 tons, the weight of the full moving 

load, 
w = 115 tons, the constant truss weight. 

M. Horizontal Strains. — Substituting these values in 
Eqs. (96) and (97), we have, for upper-chord com* 
pressions, w being {vf+w), 

H = 495.9375 — .0375(z- 10)S 

where z is the distance from the centre of the truss to 
the panel points of Simple Trusses Nos. 1 and 2, and 

H = 503.4375 — .0375(z' — 10)% 

where z' is the distance from the centre of the truss to 
the panel point of Simple Truss No. 3. 

The lower-chord tensions are the same as the upper- 
chord strains between the same inclined braces, and we 
shall not need the lower-chord equations except for the 
third member from the abutment, cd and vw. The 
strain in these members is the strain at c or w, which 
are points in Simple Truss No. 1, and consequently 
given by Eq. (98). As b and x are points in Simple 
Truss No. 2, the strain in be and wx is given by Eq. 
(101.) 

Whence we have the following table of strains in the 
upper and lower chords : 
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I 



oft. 


5 


. 




85 


45 




OS 


TmlaM 
of..' 






ss 






05 




fitnlna 
in Tom. 


405 


m 


tiS 


473Ji 


450 


497.6 


882.5 


ComprEH- 
uoQ in 


I.M. MN 
liNO 


EL a 

OP 


IK ft 
PQ 


HI& 


OH A 
BS 


8T 


EF& 
TO 


Tentloa 
In 






n>n 


Imft 
no 


kl& 

op 


Ik& 

pq 


V 



of ». 


75 




9S 


105 


95 




of I. 




85 










Stntina in 
Toi... 


887.5 


299.S 


£25 


1575 


SO 


80 


^XT 


UV 


CD* 

vw 


BG4 
WX 


ABfc 
XY 






Towton 
Is 


*«* 


let 


. ef& 


de& 


cd& 


bci 



There is no strain in ab and xy. 

96. Tertieai siraini.— The moving-load vertical equa- 
tion depends, as before stated, upon the end panel of tlie 
simple truss; and the constant-load vertical equation 
for any simple truss is to be added to that moving-load 
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equation which applies to that simple truss to which the 
first is united by the counterbraces at the centre. 

Hence, Eq. (103) for Simple Truss No. 1 is to be 
added to Eq. (80), whence we have, 

Substituting constants, 

Whence we can form the following table of compressions 
in the struts. The strains in the end braces from the 
constan^load equations, as explained before. 



Vftlaefl of «. 


5 


86 


66 


96 


125 


Strains in Tons. 


60.00 


42.39 


29.67 


18.04 


7.88 


Compression in 




C«& 
Ww 


Ff4 

Tt 




Nn 



Multiplying V by 1.414 for the end tie, and by 1.803 
for the others, these being the secants of the tie angles^ 
we obtain the following table of tensions in the ties : 



Values of u. 


6 


86 


66 


96 


126 


Strains in Tons. 


84.84 


76.48 


63.81 


82.68 


14.10 


Tension in 


Ac* 
Yw 


Cf & 

Wt 


Fi* 


Im* 
Qn 


%\ 
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For Simple Truss No. 2 we must arid Eq. (104) to 
Eq. (81) and we have, 



Sabstituting constants, 



U 



(107) 



(230-nr-25 
^ ~ 1380 "*" ^'*' 



167-1', 



whence we can form the following table of compression 
in the struts : 



Values of u'. 


—5 


25 


55 


85 


115 


BtraiiiB in Tons. 


• 

60 


45.43 


82.17 


20.22 


9.57 


Compreoflion in 


Aaft 


Bbft 
Xx 


Eeft 
Uu 


Hhft 
Rr 


Lift 
Oo 



Multiplying V by the secants of the tie angles, 1.118 
for the &'st« and 1.803 for the others, we can form the 
following table of strains in the ties : 



Values 
0fti'. 


— 5 


25 


55 


85 


115 


145 


Strains 
in Tons. 


67.0S 


SliM) 


58.01 


86.46 


17JW 


• 
0.40 


Tendon 
in 


Abft 
Yx 


Beft 
Xu 


Eh ft 
Ur 


HI ft 

Ro 


Loft 
01 


Or ft 
Lh 



Simple Truss No. 2 is the same under the moving 
and under the constant load, hence Eq. (107) gives the 
strains in the end braces. 
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For Simple Trass No. 3, Eq. (103) is to be added 
to Eq. (80), whence we have, 



V = g^((Z~ «")'_^) + g— 3^(u"+p). 



(108) 



Substituting constants, 

(230 -«")•- 25 «'^+ 10 

^ ~ 1380 + ^^-^^^ ~ 6^* 

whence we can form the following table of compression 
in the struts. The strains in the end braces from the 

» 

constant-load equations, w being changed to ti^'+ w. 



Values of t*". 


15 


45 


75 


105 


StndiiB in Tons. 


45.00 


84.78 


22.89 


11.80 


CompreBsion in 


Aa&Yj 


Dd&Vv 


Gg&Sfl 


Kk&Pp 



Adding the strains from the different simply truss, 
we have 165 tons for the total compression in Aa and 

Yy. 

Multiplying V by 1.803 we have the tension in the 
ties as follows : 



Values of u". 


15 


45 


75 


105 


185 


Strains in Tons. 


81.14 


62.71 


40.87 


20.87 


2.74 


Tension in 


Yv 


V 


Sp 


En& 
Pm 


^A* 



The same equations for the horizontal strains, and 
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for the constant-load vertical strains, will be obtained in 
any triple truss containing any odd number of panels. 

•7. A Simple Form of tbe MoTlng-Lioad Eqaatlon for 
wittier Mmpie Tratt.— It will be noticed that the vertical 

equations for the moving loads in this and the previous 

case, Eqs. (80), (81), and (82), differ from the form 

-g»-(Z — u)% in the extreme case, only by the quantity 

TogQ ; consequently, if this quantity be omitted, the dif- 
ference in the result will be immaterial and upon the 
safe side, and we shall have but the simple form 

ii/ 
"^pifi — t*)* to be added to the simple-truss constant-load 

equations. Moreover, all confusion will be avoided. 
9 
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CASE VI. A QUADRUPLE TRUSS CONTAn^ING AN EVEN NUM- 
BER OF PANELS. 

9§.— Let Fig. (38) represent a truss composed of 
four simple trusses, and containing an even number of 
panels. 

8S148S1489148S1S841S841S841S8 




The simple trusses are numbered from the centre, as 
in the previous cases, and their different panel points are 
shown by the numbers in the figure. 

= the length of the truss, 

= the depth of the truss, 

= the length of a panels 

= the weight, 

= distances from one abutment to tJbe 

panel ends, 
= the distances to the centres of the 

panels of the simple trusses. 
H & V = the horizontal and vertical strains. 





Let 


I 
d 

V 
w 


«! 


a/, a/', & 


xl" 


«, 


u\ w", & ■ 


u'" 



09. Horizontal Strains. — Under the full uniform load, 
the horizontal strains are the greatest, and are deter- 
mined as follows : the result would be the same if the 
quadruple truss contained any even number of panels. 
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In this figure, 



w 



Simple Truss No. 1 bears p 

w 

^ 4: I 

Taking moments around the panel points of Simple 
Truss No. 1, the moment of the abutment reaction is 

— -, the load on x is -j{x— 2p), the distance of its cen- 

tre of gravity from the point to which x is measured, 
_- + J?, whence we have 

«tt! mr* V , . 

for the horizontal strains in the upper and lower chords 
of this truss. 

Taking moments around the panel points of Simple 
Truss No. 2, the moment of the abutment reaction is 

-^ + "^i ^^^ 1^^ ^^ of is -J- (p^ — P)j t^^ distance of 
its centre of gravity from the point to which ac' is meas- 
ured is o" + "o"» 'whence we have, 
_ _ war' wx'' pwx' %fw 

^ -"sJ-'s^ + isr + 'sdr ■ - "^""^ 

ibr the horizontal strains in the upper and lower chord 
of this truss. 
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Taking moments around the panel points of Simple 
Truss No. 3, the moment of the abutment reaction is 

'~E~'i and the moment of the load on a/' is, since this 
truss has a full panel end, -^ , whence we have, 

H" = -83— W .... (Ill) 

for the horizontal strains in the upper and lower chords 
of this truss. 

And taking moments around the panel points of 
Simple Truss No. 4, the moment of the abutment reao 

tion is — ^ g; , the load on ocf" is t(^"'~ ^P)j t^^ 

distance of its centre of gravity from the point to which 

ay" IS measured is — s — , whence we nave, 

_ '^^'' ^^'^'* "^Jf^"' 3p*t£? 
^'" " "8d" ~ 8(« ~ 4c« + "8^' ' <^^^^ 

It is evident that the compression in the upper chord 
of the compound truss, at any point, a:, is H at a:, 
added to 

H'" when a?"' = a? + 2>, 
H" " 0?" = a; + 2/>, 
and H' " a?' = a; + 3p, 

Similarly for the compression in the compound trus9 
at the points of a?" and x"'. 

Substituting and adding, as before, we obtain, 

r^ ^^ 3p\ W , 3»\' ^P^W .^^«v 



THE STRENGTH OF BRIDGES AND ROOFS. 133 

£or the compression at the panel points of Simple Trusses 
No. 1 and No. 4, and 

for the compression at the panel points of Simple 
Trasses No. 2 and No. 3. 

Making x = j-z, and af==j-z\ Eq. (113) be- 
comes 

where z is the distance from the centre of the truss to 
the panel points of Simple Trusses No. 1 and No. 4 ; 
and Eq. (114) becomes 



Sd 2dl^^ 2 J 



where a^ is the distance from the centre to the panel 
points of Simple Trusses No. 2 and No. 3. 

In the lower chord of the compound truss the tension 
at any point, x, is the simple-truss strain at x, added to 

H' when x^ = x — p^ 
H// u ^/ =a5-2p, 

andH'^' " ar"' = a:-3j9, 
and similarly for the points a/, ac", and or"'. Whence 
we obtain, changing x and afto^-z and |— 2' 
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for the panel points of Simple Trusses No. 1 and No 
2; and 

for the panel points of Simple Trusses No. 3 and No. 4 ; 
z and z' being measured from the centre of the truss. 



It will be seen from these equations, that in this case 
also the horizontal strain in the two chords is the same 
between the same inclined members. Hence, in prac- 
tice, we shall not need the last two equations. The three 
end members of the lower chord are not subject to the 
action or the strains of all the four simple trusses, and 
consequently Eqs. (117 and 118) are not applicable to 
them. The first, or end member of the lower chord is 
subject to the strain of only one simple truss when x is 
zero, and consequently the strain is zero; the second 
member is subject to the strain of the first member, and 
the strain of that simple truss whose point is one panel 
length from the abutment, and the third member has the 
strain of the second member added to the strain of that 
simple truss whose panel point is two panel lengths from 
the abutment 

These 'strains can be most readily determined from 
the vertical equations for the constant load, and are 
given below. 
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100. Tcrtteal Strains flrom a €)oattaai lioad. — In this 
case, as in the others, the simple trusses are entirely in- 
dependent of each other in their vertical action under a 
uniform constant load; hence the equations are to be 
obtained from the simple-truss horizontal equations; 
whence, by the process previously described, we have, 
from Eqs, (109, 110, 111 and 112), 

for Simple Truss No. 1, 

for Simple Truss No. 2, 

for Simple Truss No. 3, and 

V'"=^ --(«"' + !)), .... (122) 
for Simple Truss No. 4. 

In which u, u\ u'\ and u'" are the distances from the abut- 
ment to the centres of the panels of the respective simple 
trusses. 

101, Horlsoatal Tension In the liOwer-Cliord End 

■emben. — ^The strains in these, referred to above, may 
be found as follows : 
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Let Fig. 39 represent the four end panels in a quad- 
ruple truss, and let d be a panel point in Simple Truss 



A 






J 


1 K 




y 


^ 


^ 


/ 






Fig. 


30. 





Ko. 4, and c a panel point in Simple Truss No. 3. The 
strain in be is the strain in the latter truss at c added to 
that in the former at d. 

The reaction of the abutment, or the vertical strun 
in Ee, from Simple Truss No. 4 is Eq. (122), where 

«.'"= — j3, .-. V = 5"*; and from moments around D, 






<123) 



is the tension in the second member, where Simple Truss 
No. 4 has a panel point distant p from the abutment. 
The vertical reaction of the abutment from Simple 

Truss No. 3 is Eq. (121), where u" = 0, whence V =-s ; 
and from moments around C, 



H= 



top 
~id" 
This added to Eq. (120) gives 

TT„fe 



(124) 



tension in be, or third member of the lower chord, where 
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Simple Truss No. 4 has a panel point distant p from the 
abutment. 

Next, let d be a panel point in Simple Truss No. 3, 
-and c consequently a panel point in Simple Truss No. 2. 
The reaction of the abutment from Simple Truss No. 3 

is Eq. (121), where u" = — P^ whence V = -^ + -^j 
and 

strain in the second member; and the reaction of the 

abutment from Simple Truss No. 2 is Eq. (120), where 

. ^ • ^^ w tvp - _. pw p*w , . , 

t^/= 0, whence V = o" + "Tm a^^d H = 4;7 + V/r ^'"^C" 

added to Eq. (125) gives 

for the tension in the third member of the lower chord 
where Simple Truss No. 3 has a panel point distant p 
from the abutment. 

Next, let d be a panel point of Simple Truss No. 2, 
and c consequently a panel point of Simple Truss No. 1. 

The reaction of the abutment from the former is Eq. 

w pw 
(120), where t*' = — jp, whence ^ = U" + 2/7 therefore, 

pw fw 

"^8d + "2Jr ' • • <^^^' 

is the tension in the second member ; and the reaction 
from Simple Truss No. 1 is Eq. (119), where w = 0, 
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whence V = tt- and H =4^? which, added to Eq. (127), 
gives 

H = ^+'« ■ • • ('^«) . 

for the tension in the third member when Simple Truss 
No. 2 has a panel point distant p from the abutment* 

The remaining case is where d is a panel point of 
Simple Truss No. 1, and c of Simple Truss No. 4. The 
reaction of the abutment from the former is Eq. (119), 

where u = — p, whence V = -tt + ^j-, and 

H = ^ + ^^ - - ■ im 

is the tension in the second member ; and the reaction 
of the abutment from Simple Truss No. 4 is Eq. (122), 

where u'"= 0, whence ^ — "q *^ 41? ^°d H = ^ ""o^* 
which, added to Eq. (129), gives 

for the tension in the third member of the lower chord 
when Simple Truss No. 1 has a panel point distant j? 
from the abutment 

103. Tertleal Strains flrom a Hovlng liOad. — ^Let IPlgs. 

40, 41, 42, and 43 represent the different ends of the 
four simple trusses. Let the vertical lines show the 
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divisions into simple-truss panels, and the points in the 
lower chord the panel points of the compound truss. 



J L 



<■ 



J_l L 



-tt — 



O—J L 



« b c d 

Fig. 40. 

In Fig. 40 u is the distance from the right abut- 
ment to the centres of the simple-truss panels or the 
points a, b, c, d, &c. ; w^ being the weight of the full 

moFable load, i of -t-(/ — u+p) is the load on the 

panel points of this truss within the distance I — u; and 
the distance of its centre of gravity from the left abut- 



xnent is 



I 



u 



P 



2 



whence the reaction of the other 



abutment, or the greatest vertical strain from the mov- 
able load upon the simple truss whose loaded end has 
a panel = P) is, 



w 



V= 8^ [(?-«)• -p']. 



(131)1 



I \ 



_i I 



J. 



•W- 



JL_L 



c d 

Fig. 41. 



In Fig. 41 tt' is the distance from the right abut- 
ment to the centre of the simple-truss panels, or the 



w 



points a, b, c, d, &c. ; whence 775 (Z — ti')* is the load on 
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I — u\ distance of its centre of gravity from the loaded 

end, — o — , and the greatest vertical strain upon the 
simple truss whose panel at the loaded end = 2p, is 



V = ^(i - vt^. 



(138) 



J^.1. 



I I 1 



f t I 



AL' 



I \ I 



Fig. 42. 



«/ 



In Fig. 42, similarly, the load on l—v!' is -^ (J — w'^ 

— P\ *^® distance of its centre of gravity from the 

I — u''+ p 
loaded end, 5 — ^, whence the greatest vertical 

strain upon the simple truss whose panel at the loaded 
end = 3p, is 



v = ^[(«-t*")-r] 



(133) 



J 1 L 



J ! L 



^ 



J L-J. 



■Ur 



J I L 



Fig. 48. 



In Figure 43, similarly, the load on I — uf^^ is 
(I — tt"' — 2p), the distance of its centre of gravity 

from the loaded end, 5 -^ whence the greatest 



4; 
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vertical strain upon the simple truss whose panel end 
at the loaded end = 4p is 

V = |j[(!-.."r-V]- - - (134) 

In this case, Simple Trusses No. 1 and No. 3 are con- 
tinuous, and their panels uniform throughout, but one 
half of Simple Truss No. 2 is united to the opposite half 
of Simple Truss No. 4. 

It has been fully explained how to determine which 
moving-load vertical equation is to be added to the 
constant-load vertical equation belonging to any simple 
truss. 

In the truss shown iu Fig. 38, Eq. (131) is to be 
Mded to Eq. (122), Eq. (132) to Eq. (119), Eq. (133) to 
Eq. (120), and Eq. (134) to Eq. (121.) 

103. Esample.— Let Fig. 44 represent a quadruple 
truss containing an even number of panels, and loaded 
npon the lower chord. 



nop or q' f&a'm- V k-l-V g-Ve^ A- e b'a'i^S 

Fig. 44. 

Let I = 320 feet, the length of the truss, 
d = 27.5 the depth of the truss, 
^ = 10 feet, the length of a panel, 
to' = 208 tons, the weight of the full uniform 

movable load, 
w = 144 tons, the weight of the truss. 
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Values 
off. 


Values 
off.' 


Strains 
in Tons. 


Ck>mpFei^n in 


TeufdoDin 1 







512 


QB and BQ' 






10 


512 


PQ and Q'P' 

* 






20 


512 


OP and P 0* 




80 




512 


NO and O'N' 




40 




504 


MN and N'M' 


qr and r'q' 




50 


488 


T.M and M'L' 


pq and q'p' 




60 


472 

• 


EL and L'K' 


op and p'o' 


70 




456 


IK and KT 


no and o'n' 


80 




432 


HI and TH' 


mn and n'm' 




90 


400 


GH and H'G' 


Im and mT 1 




100 


868 


FG and G'F 


kl and I'k' l 


110 




836 


EP and FE' 


ik-and k'i' 


120 




296 


DE and ^'jy 


lii and i h' 




180 


248 


CD and DC 


- 
gh and h'g' 




140 


200 


BC and C'B' 


tg and gT 


150 




152 


AB & B'A' 


ef and f e' 


180 




96 




de and e'd' 






48 




cdanddV 






16 




be and c V 



104. Uortzontal SUratns.-^Substituting these values 
in Eqs. (115) and (116) for the upper^chord strains, in 

Eq. (117) for the fourth lower-chord member, and in 

Eqs. (123) and (124) for the second and third lower- 

chord members, since Simple Truss No. 4 has a panel 
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point distant^ from the ftbutment; the other lower- 
chord strains being taken from the upper-chord strains 
between the same inclined braces ; w in these equa- 
tions being w'-\- w, or 352 tons ; we have the preceding 
table; there is no strain in ah and h'a'. 

109. Vertical siraino.— Since Simple Truss No. 1 has 
a panel end = 4y;, Eq. (134) is to be added to Eq. (119) 
to obtain the maximum vertical strains in thia truss; 
Simple Truss No. 2 has a panel end = 3^, therefore 
Eq. (133) is to be added to Eq. (122) to obtain the 
greatest vertical strains in No. 4 ; No. 3 has a panel 
end = 2p, therefore Eq. (132) is to be added to Eq. 
(121); and No. 4 has a ]>anel end = ^, therefore Eq. 
(131) is to be added to Eq. (120) to obtain the maxi- 
mum vertical strain in Simple Truss No. 2. 

Making the variable, in the first case, «, in the second, 
«', in the third, u'\ and in the fourth, «"', substituting 
the values above, w of the constant-load equations being 
144 tons, and multiplying the vertical strain by secants 
of the lie angles, we can form the following table of 
strains in the braces. The secants are 1.765, 1.48, 
1.236, and 1.063. 

Total com[)ression on Aa and AV is 170.5 tons. 

^The strains in the end braces of those simple trusses 
ich are uniform beyond the centre. No. 1 and No. 3, 
are found from the same equations which give the strains 
in the other braces ; but iu tlie end braces of No. 2 and 
I. 4 the strains are determined from the constant-load 
rtion of the equations, ii/-\- iv being put for u\ 
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1 




ValucB 
olu. 


Values. 
otuf 


of u." 


Values 
ofu'" 


SlminB 
in Tons. 


CViDiprM- 


StniinB 
in Tons, 


Tenrion 
in 






-10 






44.00 


Aa4Aa' 


48.77 


AbiAV 











44.00 


Aa & A'ft' 


64.38 


Ac4 AV 








10 


44.00 


Aa L AV 


65.12 


Ad&A'd 


SO 








88.50 


A« 4 A'a' 


07.09 


AeAA'e' 




30 






84.83 


Bb & B'b' 


61.47 


BI&B'f 






40 




3a.41 


Cc & C'c- 


68.07 


C-g&Vg 
Dh&D'li 








00 


31.98 


Dd & Dd' 


00.53 


60 








28.31 


Ee & E'«' 


40.07 


El & E'i' 




70 






24.64 


Ff & FC 


43.84 


FkAFk' 







80 




23.63 


QgiGg 


41.SQ 


ai&Gi 






90 


22.41 


Ilh & U'h- 


80.B5 


Hm' 


JOft 








is.ei 


11 i I'i' 


fi3.4d 


In & In' 




110 






15.07 


KkiKk 


27.66 


Eo&KV 






120 




14.66 


LI & LI' 


35.87 


Lp&L'p' 








130 


13.64 


Mm&M'm' 


24.07 


Mq*M'q 


140 








10.38 


Nn&NV 


18,39 


HrANY 




IISO 






7.31 


Oo & Go' 


13.90 


OqiO-q 






100 




6.50 


Pp * P'p' 


11.47 


Pp'iP'p 








170 


5.71 


Qq * Qq' 


10.01 


<jo'tQ-o 


180 








a.M 


Er' 


463 


Rn- ft R-n 


b 


CASE VII.— A QITADEITPLE 
NUMBER OF PANELS. 

loe.— In this quadruple 
tlons are not affected by t 


TRUSS, COSTAINING AH OD] 

russ, as in the others, the eqw 
he number of panels the trM 


1 
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contains, but by the condition whether the number be 
odd or even. Hence, it is necessary to determine equa- 
tions for this case. It should be remembered that, in 
determining equations for any case, the simplest form of 
truss may be taken, provided it fulfils the necessary con- 

^ons. 
Let Fig. 45 represent a quadruple truss containing 
an odd number of panels. This, like the other, is 
divisible into four simple trusses, numbered, as in the 



^J 



1 



1 



previous cases, from the centre towards the abutmenta, 
and whose panel points arc shown by the numbers. 

Ijet I = the length of the truss, 
d = the depth of the truss, 
p = the length of a panel of the compound 

truss, 
w — the maximum weight uniformly dis- 
tributed, 

lar'x", (fe a:"' = the distances from one abutment to the 
panel points of the simple trusses, 
/, «" t£ u"'= the distances from the same abutment to 
the centres of the simple-truss panels, 
H & V = the horizontal and vertical strains. 

lOT. Horizoniai Htrain§. — The moment of the load on 
legment of any simple truss in this case is the same as 
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the moment of the load on the same segment of that sim- 
pie truss in the previous case whose end panel is similar. 
In this figure, 

Simple Truss No. 1 bears i (m; — -r- 1 + -f-i 



a cc 



2 " i(«'-^)» 



« "3 « i(«,_!^\ 



U (( 



4 « iC^^-f-), 



whence, 

^ _ m» wo^ Spivx 

^ - 8^~8rfi+nB5r' • • - (135) 

for Simple Truss No. 1 ; 

^ won! wxf* jywQcf Sp*w 
•^" W"83Z' + "8rfr+'85r' • -(136) 

for Simple Truss No. 2 ; 

_ wo^ wo^ pw^ p^ 
^ "" U ~ Ul~ Ul "^ 2rf? ' • ^^^^^ 
for Simple Truss No. 3 ; and, 

for Simple Truss No. 4. 

These are the horizontal strains in the upper and 
lower chords of the- simple trusses. Adding them in the 
same manner as in the previous cases we have, 

_ wl w , Zp\\ ^p^w ,^^^ 
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z being the distance from the centre of the truss, for the 
oompressions in the upper chord at the panel points of 
Simple Trusses No. 1 and No. 3. 

^ being the distance from the centre of the truss, for the 
compressions in the upper chord at the panel points of 
Simple Truss No. 2, and, 

J' being the distance from the centre of the truss, for 
the compressions in the upper chord at the panel points 
of Simple Truss No. 4. 

For the tension in the lower chord we obtain, 

at the panel points of No. 1 ; 

at the panel points of No. 2 and No. 4 ; and 

at the panel points of No. 3. 

108. Tertical §tratiis flrom a Constant Load* — From 

Eqs. (135, 136, 137, and 138) we have, 

'^ = 8--4r<"— 2)' ■ ■ (^*^) 

for No. 1 ; 

„ w "^Jo . ^ p \ .- .^v 

v = 8~-4r(^*-2> - - ■ <^^^> 

for No. 2 ; 
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„ W W , p\ ^ ^ 

^ = 8-4Z(""+2)' - - ■ (1^7) 
for No. 3 ; and 

for No. 4. 

100. HortzonCal Tensions In liOirer^Cliord End Men* 

bers.— Tlie strains are obtained as in (99). See Fig. 
39, whence, 

in the second member ; and 

^-•"8d"-'M"' - - - <^^^) 

in the third member, when a panel point of No. 4 is 
distant p from the abutment 

jj _'pw p*w 

in the second member ; and 
3pw Zp*w 

in the third member, when a panel point of No. 3 is 
distant^ from the abutment. 

^-85 + "85r - - - - (153) 
in the second member, and 
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the third member, when a panel point of No. 2 is 
Utant p from the abutment And 



Ml' 



I the second member 
H = 



id 



8S/' 



- - - (155) 

- - - (166) 
a pwnel poiut of No. 1 is 



—the 
Kmi 
^pieni 



the third member, whei 
istantp from the abutment. 

110. Vertical Siralni IVom a DIovlDg I.oad. — £q9. 

131), (132), (133) and (134) apply in this case, 
"one of the simple trusses are continuous, but one 
half of No. 1 is connected hy the counterbracins with 
.the opposite half of No. 4, and one half of No. 2 is 
lilarly connected with the opposite half of No. 3 ; 
lence care must be exercised in the addition of the 
vertical equation, and it is always safest to make a 
diagram of the simple trusses, as connected umler the 
oving load. 

111. Example.— Let Fig. 46 represent a quadruple 
.88 containing an odd number of panels. 

Let I = 328 feet, the length of the truss, 
d = 32 feet, the depth of the truss, 
p = 8 feet, the length of the panel, 
«/ = 328 tons, the weight of the full uniform 

movable load, 
■w = 164 tons, the constant truss load. 
The load is upon the lower chord. 
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Values 
of s. 


Values 
ofs'. 


Values 
• of «". 


Strains in 
Tons. 


Compressioii 
in 




4 






680 


UVVVA 
V'U' 






12 




680 


TU & V'T 


, 


20 






680 


ST & 8'T 




• 




28 


680 


RS k SB' 


vV 


86 






618 


QB k B'Q' 


uv k y'xl' 


• 


44 




606 


PQ&Q'F 


in k n't' 


62 






594 


OP k FO' 


St k t's' 






60 


582 


NO k ON' 


ra&sV 


68 






558 


MN k N'M' 


qr k r'q' 




76 




584 


LM k WW 


pq & q V 


84 






510 


KL k L'K' 


op k p'o' 






02 


486 


TK k K r 


no k o'n' 


100 






450 


HI k I'H' 


mn k n'm' 




108 




414 


GH k U'Q' 


Im k ml' 


116 






878 


FG&G'P' 


kl k Ik' 






124 


842 


EF&FE' 


ik & kT 


182 






294 


DE k Ely 


hi k ill' 




140 




246 


CD k DC 


gh&h'g' 


148 






198 


BC k C'B' 


tgkgT 






156 


150 


AB & B'A' 


ef&fe' 




140 




90 




de & e'd' 








45 




cd&d'o' 








15 




bc&c'b' 

• 
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113. Horizontal sirulni. — For the upper chord, uae 
s. (139), (140) and (141) ; for the lower chord, take 
; strains from the upper chord between the same in- 
ned braces, and beyond these, for the fourth member, 
use Eg. (143), for the third member Eq. (150), and for 
the second, Et], (149) ; w of these equations being made 

rual to w' + «', or 492 tons. Hence we can form the 
eceding table of strains in the chords. 
113. Verficui siraius.— For the strains in the struts 
of Simple Truss No. 1, add Eq. (131) to Eq. (145). 
In No. 2 add Eq. (132) to Eq. (146). In No. 3 add 
Eq. (133) to Eri. (147), and in No. 4 add Eq. (134) to 
Eq. (148). For the ties multiply the vertical strain so 
Jltained by the secants of the tie angles, whicli are 
414, 1.25, 1.118 and 1.0308. The following gives 
lie strains in the braces : 
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Values 
otu. 


Values 
oft*'. 


Values 
of u". 


Values 
of u"\ 


Strains 
in Tons. 


Ckympres- 
sibn in 


Stndna 
in Tons. 


TensicMi 
in 








—8 


60.00 


Aa & A V 


e&M 


Ab & Al) 











60.00 


Aa & A V 


72.11 


Ae & A'e' 




8 






60.00 


Aa & A V 


84.84 


Ad & Ad 


16 








60.00 


Aa & A'a' 


100.00 


Ae & A'e 








24 


61.12 


Bb & B'b* 


72.28 


Bf A B'f 






82 




49.36 


Cc & C'c' 


69.80 


CflT A C'g 




40 






47.61 


Dd & D'd' 


67.82 


Dh & D'b 


48 








46.85 


Ee & E'e' 


64.88 


m&E'V 








66 


40.10 


Ff&Ff 


66.70 


Pk&Fk' 






64 




88.63 


Gg & Q'g' 


64.48 


Gl & QT 




73 






86.97 


Hh & H'L' 


62.28 


Hm AH'm/ 


80 








85.41 


li & ri' 


49.69 


In & I'n' 








88 


29.85 


Kk & K'k' 


42J31 


Kg & Kg' 






96 




28.49 


LI & h'V 


40J38 


Lp & L'p' 




104 






27.12 


Mm&M'm' 


88.86 


Mq&MV 


112 








25.76 


Nn & N'n' 


86.42 


Nr & N'r' 








120 


20.89 


Oo & O'o' 


28.88 


Ob & O's' 






128 




19.22 


Pp ii P'p' 


27.18 


Pt & P't' 




136 






18.05 


Qq & Q'q' 


26.62 


Qu & Q'q' 


144 








16.88 


Rr & R'r' 


28.87 


Rv & R V 
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11.71 


Ss & S's' 


16.71 


Sv' & S'v 






160 




10.78 


Tt & T't' 


16.17 


Tu' & T'u 




168 






9.75 


Uu & U'u' 


18.79 


Ut' & U't 


176 








8.78 


Vv & VV 

> 


12.41 


Vs' & V't 








184 






6.37 


VV & Vi 






192 








4.27 


U'q' & Uq 




200 










8.17 


T'p' & Tp 


208 












2.06 


S'o' & So 
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Total compression in Aa and A'a' is 240 tons; 
the strains in the end braces determined as in the pre- 
vious cases. 

114. Ottier Componnd TruMes.— In the same manner 
equations may be deduced for any compound truss with 
vertical struts and inclined ties composed of any number 
of simple trusses, and so many examples have been 
given that the process can present no difficulties. 

lU. simple Forms of Equations.— The difference be- 
tween the other moving-load equations in the last case 

and ^yi-(^ — w)* is very slight, and being always on the 

safe side, the latter form may be used in practice for all 
the simple trusses in this case, and all difficulty in the 
addition of equations thereby avoided. 
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CHAPTER V. 

TRUSSES WITH HORIZONTAL CHORDS, WITH 8TBUTB AJQ) 
TIES OF EQUAL INCLINATIONS, SUBJECT TO C0K8TAKT 
AND TO MOVING LOADS. 

CASE L— A SIMPLE TRUSS. 
ABODE FOHI 



?«•««« 

^'<>: 



a b c d ef |(h BBH 

Fig. 47. 

116. Horizontal Strains.— What is generally termed a 
Warren Girder, shown in Fig. 47, is an example of this 
description of truss, supporting the load upon the upper 
chord. In this case moments may be taken around the 
panel points of the upper chord to obtain the tension in 
the members of the lower chord vertically beneath these 
points, and since the load may be considered as concen- 
trated at these points, we have the same conditions 
which in (28) gave us Eq. (14), 

~'2d 2dV 

for the maximum horizontal strain. This equation 
can be applied only to the lower chord. For the 
strain in the upper chord, moments must be taken 
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arouDd the panel i)oiiits in the lower chord, since it is 
only at these points that a vertical section can be made 
■wliich does not cut more than one member (having a 
moment) subject to a horizontal strain. 

Let of be the horizontal distance from one abutment 
to any one of the lower-chord panel points, iv the full 
uniform load, and p the distance l)etween the points ; 
acid we can form the equation, 












(157) 



for tiie compressions in the members of the upper chord, 
opposite the lower-chord panel points, distant a:' from 
the abutment. 



117. YrrllrBl Strains Trom a Conttanl Load.— Kq. (14), 
which gives the lower-chord tension, gives also the com- 
pression in the upper chord at the point to which w is 
measured ; that is, the resultant compression from the 
strains in the braces and the chord-member on one side 
of the point. Similarly, Eq. (157) gives the tension at 
the points in the lower chord. Therefore, if the first be 
the strain at F, as it is at the same time in ef, and the 
second the strain at f, as it is at tlie same time in FG, 
the difference between the two will be the horizontal 
component of the strain in the brace Ff, and its vertical 
component may be obtained from the proportion of 
a—xf: d. 

Performing this operation, we have for the difference 
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between Eqs. (14) and (157), or the horuontal compo- 
nent of the strain in the brace, 

Since p = 2 (a?— a?'), we have from the proportion 
above, 

andas a. = a.' + | 

V = 5-^ . . . (159) 

is the vertical component of the strain in Fl 

If Eq, (14) next represent the strain at G, and be 
subtracted from Eq. (157), representing the strain atf, 
we shall again obtain 

for the vertical component of the strain in fG, This 
equation is the same as Eq. (18), x' here being the same 
as Uj that is the distance from the abutment to midway 
between the loaded points. 

119. Tertlcal Strains flrom the Blovfiig Ijoad.— As this 

case comprises but a single system, one panel point can- 
not be fully loaded without a portion of the weight 
coming upon the next point, and thus rendering the 
conditions similar to those of the case in (54), and con- 
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aeqaently Eq. (37) applies when the truss is half or more 
than half loaded, and Eq. (39) when less than half loaded. 

110.— Example.— In Fig. 47, 

Let 2 = 80 feet, the length of the truss, 
£3? = 5 feet, the depth of the truss, 
^ = 10 feet, the distance between the panel 

points, in the same chord. 
%& = 80 tons, the weight of the full uniform 

movable load, 
t£? = 40 tons, the weight of the constant load. 

Substituting the values of these constants in Eqs. 
(14) and (157), we can form the following table of 
horizontal strains : 



Valaee of «. 


10 


do 


80 


40 










Valaee of ^. 








5 


15 


25 


85 


StndiiB in Tons. 


106 


180 


225 


240 


52.5 


142.5 


202.5 


282.5 


Compreflflion in 










AB& 
HI 


BC& 
GH 


CD& 
FG 


DE& 
EF 


Tension in 




bcft 


ef 


de 











For the maximum vertical strain we have Eq. (37), 
^54), 



XT ^O WU 



21(1 —p) ' 
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when the load covers half and more than half the 
trass ; and Eq. (39), 



W 



V = 



w wu -^'(^ - « - I)' 



2(1 -py 



when the load covers less than half the truss. 

In these equations u is the distance from the abut 
ment to a point midway between two panel points in 
the loaded chord, and the equations give the vertical 
components of the strains in the braces between these 
two points. As long as V has a plus value, that brace 
whose loaded chord end is nearer to the abutment from 
which u is measured is a tie, while that birace whose 
unloaded chord end is nearer is a strut 

As the equations are applied to the different ends 
of the truss, it will be seen that some of the braces near 
the centre act sometimes as struts and sometimes as 
ties ; these are termed counterbraces. Substituting the 
values of the constants, and multiplying by 1.414 the 
secant of the angle of all the braces, 



Values of u. 


6 


15 


25 


85 


45 


Strainfl in Tons. 


7424 


5408 


85.86 


19.70 


6.85 


Compression in 


BaftUh 


Cb&Gg 


Dc&Ff 


EdftEe 


Fe&Dd 


Tension in 


Aa&Ui 


Bb&Ug 


CcftGf 


DdftFe 


£e&£d. 
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CASE rr. — A DOCBLE TRtKS CONTAININQ AN EVES NUMBER 
OF PANELS. 



ABCDEPQHIK LMNOPQB 




130. — Let Fig. 48 represent a. truss composed of the 
two simple trusses of Figs. (49) and (50). The first 
of which will be termed Simple Truss No. 1, since its 
braces meet at the centre, and the other Simple Truss 
No. 2. 




In these figures those braces which act solely as coun- 
terbraces are removed. 



\/\/\/\ /\/\/\/ 



Fig. BO. 

In these trusses the vertical strains, or those strains 
having vertical components, are entirely independent 
of each other; and, as in the previous, cases of com- 



160 A TREATISE OK 

pound trusses, the horizontal strain in the compound 
truss is the sum of the strains in the simple trasses. 

191. Horizontal Strains. 

Let I = the length of the truss, 
d = the depth of the truss, 
p = the length of a panel or chord-member. 
w = the full weight, uniformly distributed. 
(T, 07' &c. = the distance from the abutment to any 

panel point. 
Each simple truss bears half the load which is upon 
the lower chord. 

H = — -— , - • • (160) 

is the compression in the upper chord .opposite to the 
loaded points of Simple Truss No. 1, to which w is the 
distance, and 

is the compression in the upper chord opposite to the 
loaded points of Simple Truss No. 2, to which of is the 
distance The value of H in one simple truss at Xj 
added to the value of II' in the other simple -truss at a 
point nearer the centre by the value of jp, will give the 
amount of horizontal strain in the upper chord of the 
double truss between x and x +pj or in that member 
of the upper chord which is on the centre side of the 
point to which x is measured. 
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Making x' of Eq. (161) equal to ir -f-^ of Eq. (160), 
I and adding the two equations, we have, 



H 

nd making x 



^(1, + P] - J!^(a: + £) 



(162) 



- z, we have, 



8rf MT 



,P\.W 



+ ^r ■ W 



2' ' Bdl' 

Here r is the distance from the centre of the truss to 

the abutment end, and z — ^ consequently the distance to 

the centre end of that apper-chord member whose stram 
is given by H. 

If IE of Eq, (160) be made equal to x* 4-^ of Eq. 
(161), and the two equations added, we shall have the 
same result, or Eq. (163) will give the compression in 
"all the members of the upper chord. 

In Fig. (49), 



_ tvx wx wp 

"45" M m' 



(164) 



ifl the tension in the lower chord opposite the upper- 
chord panel points to which a: is measured. 
In Fig. 50, 



■pr, waf lox'* 



(165) 



I js the tension in the lower chord opposite the upper- 
chord panel points to which x' is measured. 
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The tension in this case, in one simple trass at d 
added to the tension in the other simple truss, when 
x' ^ X ^-p, will give the tension in that member of the 
double truss on the centre side of the point to wbicb z 
is measured. 

Making x' of Eq. (165) equal to x +p, and adding to 
Eq. (164), or making x of Eq. (164) equal to w' +p, and 
adding to Eq. (165), we obtain, 

for the tension in any member of the lower chon 
where z — i is the distance from the centre of the t 
to the centre of the member. 



133. Terllcal Strains fVom a Conilsnt Loud. — It wQ 

be seen from the last case that the constant-load vertical 
equations may be obtained from the simple-truss hori- 
zontal equations, as in the previous cases ; that is, from 
the difference in these horizontal equations applying to 
the same chord. In the last case the vertical equation 
was obtained from the difference in the horizontal 
strains at the two ends of the same brace ; but it would 
be the same had it been obtained from the difference in 
the upper-chord equation alone, at two ends of the same 

panel. The proportion was ^ ; d; but if we take Ui^H 

horizontal strains at the two ends of a panel of the 
simple truss, their difference is just double the difference 
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&t the two ends of a brace, because, between two weights 
or loaded panel points, the horizontal strains or hori- 
zontal components o£ the strains in the two braces are 
equal ; the proportion will therefore be_p : li, whence we 
have for either simple truss, 

V=|!-^ .... (167^ 

in which u is the distance from the abutment to the 
centre of any loaded chord-member of the simple 



133. Vertical Slralns lYain a MoTtng Load. — Under a 
moving load the simple trusses present the same cases 
as Fig. 21 and Fig. 22 ; and Eq. (46) applies to that 
simple truss having a full end panel, or in this case to 
Fig. 49 ; and Eq. 45 to that simple truss liaving an end 
panel of half the length of its other panels, in this case 
to Fig. 50. Each of these is to be added to constants 
load equation (167). 



itM. Example. — Let Fig, 48 represent a truss in which 
I = 160 feet, the length of the truss, 
<i ^ 20 feet, the depth of the truss, 
^ = 10 feet, the length of a panel or chord-member, 
w'^ 160 tons, the weight of a full movable load, 
w = 80 tons, the constant- truss weight 
The load !» upon the lower chord. 
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Substitating the values given above in Eqs. (168) 
and (166), we form the following table of straitis in the 
upper and lower chords : 



Valuesof « — ?. 
2 


6 


15 


26 


85 


46 


65 


65 


75 


Strains in Tons. 


240 


282.6 


217.6 


105 


165 


127.6 


82JS 


80 


Compression in 


HI ft 
IK 


GHA 
KL 


FGA 
I<M 


EFA 
US 


DBA 
NO 


CDft 
OP 


BC4 


AB4 
OR 


Strains in Tons. 


286^25 


228.75 


218.76 


121Jd5 


161J85 


128.76 


« 

78.70 

■ 


96J» 


Tension in 


hift 
ik 


kl 


1' 


ef& 


deft 
no 


odft 
op 


beft 

pq 


q' 



For the vertical strains in Simple Truss No. 1, we 
add'Eq. (46) to Eq. (167), and multiply by 1.118, the 
secant of the brace angle ; for strains in No. 2, add £q. 
(45) to Eq. (167) and multiply by 1.118 ; whence we 
can form the following table of strains in the braces : 
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TniMNal. 



10 



60 



70 



00 



Valaee of « in 
Trass No. 2. 



80 



40 



80 



Strains in 
Tons. 



67.08 



58.60 



63.48 



43.82 



87.90 



29.86 



24.60 



15.66 



12.76 



5.69 



Compression 
in 





BaftQr 


CbftPq 


Be ft Op 


Ed ft No 


FeftMn 

• 


Of ft Lm 



HgftEl 



Ihftik 



^ftHi 



Tension in 



Ab&Rq 


BcftQp 


Cd&Po 


DeftOn 


Ef ft Nm 

• 


Eg&hLl 


Gli&Lk 


HiftKi 



ikftm 



Kl&Hg 



Total compression in Aa and Br, 112.5 tons. 

The braces which adt as counterbraces, or which 
are subject to both tension and compression, are Ih, Ik, 
Hi, Kl, Hg, and Ki. 
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CASE in. — A DOUBLE TRUSS CONTAINING AN ODD KUMBSK 
OF PANELS. 

121213 1231213181 







312 1212113121212 

Pig. 61. 




135. Horizontal Strains. — ^This truss is composed^ 
like the previous one, of two simple trusses, the panel 
points of which are numbered in the figure in the same 
manner as before, and the braces which act solely as- 
counterbraces shown by the dotted lines. 

Proceeding in the same manner as before, we obtaiiii 
for the horizontal strains in the upper chord, 

wl w , I i^\* I 3^/> 



H = ::-, 



U 2dl 



<'+l)'+S' ■•<"'«> 



where z is the distance from the centre to the panel 
points of Simple Truss No. 1 in the upper chord, and 
H is the strain in that member on the abutment side o£ 
the point to which z is measured. 

H' = ^^--!^(z'+£V-!^, - - (169) 

Sd 2dl ^ ^ 2' sdr ^ ' 

where 7^ is the distance from the centre to the paneli 
points of Simple Truss No. 2 in the upper chord, and. 
H' is the strain in that member on the abutment side o£ 
the point to which ^ is measured. 
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In the lower chord, 

^85 Jar 2/ SiT' *-^'*^' 

z being the distance to the panel points of No. I in the 
lower chord, and H the tension in the member on the 
centre side of the point to which z is measured; and 

z being the distance to the panel points of No. 2, and 
H' the tension in the member on the centre side of the 
point to which / is measured. In all these equations 
w is the maximum uniform load, or equal to w' +w of 
the examples previously given, 

ISM. TerUcal Strains from a Constant Load, — The 

vertical equation for a constant load upon No, 1 is, 

^ = r-|("-|)- ■ - • <"^) 

and for the constant load upon No, 2, 

^=r-I<«'-|)- ■ - - ('"> 

1-97. Tertlcal Strains f^om a moving Load. — ^The vei^ 
tical equations for the moving load are the same as in the 
last case, and their application is governed by the same 
principles which have been explained in the previous 
examples of double trusses. An example of the 
application of the equations belonging to this case is 
unnecessary. 



CASE rv. A QUADEDPLE TRU3S CONTACtlNO AK 

KtlMBEK OF PAKEL8. 



IT ETXlt^l 



l»8. — Omitting the braces which are used solely as 
couoterbraces, and numbering as before, we have 
four simple trusses shown in Fig. (53). 



I9S41SS41S8 




1 



139. Horizontal Strains. — In this 6gure the weight 

borne by each truss ia ■-, the load being upon the lower 

Old. 

By reasoning as in the previous case of a qaadruple 
truss, we obtain, for the upper chord of Simple Tnm 
No.l, 

■WX WW* /,-.\ 

■■ss-m- ■ • ■ <"*) 

to being the distance to a point in the lower chord. 

For No. 2, 
„, Ka_W!>r pwx' Sp'w , 
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(176). 



For No, 



wx'" W3^'" pwaf" . ip'w ,. __■. 



Ad inspection of this compound truss will show that 
the compresaion in any member of the upper chord, QR 
for example, is the compression in that simple truss, to 
whose point in the lower chord R is opposite, or Simple 
Truss No. 1 at x, added to the strains in No. 4 at a: + p, 
in No. 3 at a; + 2y, and in No. 2 at x — p. 

Making these changes in the values of of, a:", and x"', 
and then adding the equations, we obtain, after making 
I 



ec = ~ — z 



H= 



V}1 



•idl 



:('-!) 



Ml' 



(178) 



I 



z is here the distance from the centre to the panel 
points in the upper chord of Simple Truss No. 3, and H 
is the strain in the member on the centre side of that 
point ; and, similarly, the same equation will apply 
■when z is made the distance to any panel point in the 
upper chord of No. 4. 

By a similar process we obtain for the remaining 
membere of the upper chord, 

»* being the distance from the centre to any upper- 
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chord point of No. 1 and No. 2 ; H^ being the compres- 
sion on the centre side of that point 
In the lower chord, 

8d 2dr 2I ScU ^ ^ 

is the tension in those members on the centre side of the 
points in the same chord of Simple Trusses No. 3 and 
No. 4, and 

sd 2dr 2) 1^ ^ ' 

is the tension in the members on the centre side of the 
points of No. 1 and No. 2. 

These equations apply to all except the end members 
of both chords ; their strains will be determined from the 
vertical equations. 

130. Tertlcal Stralni nnder a Fall IhmmI. — ^From the 

simple-truss horizontal equations (174), (175), (176), 
and (177), we have, for No 1, 

. . (182) 



v= 


V) 

8 


1VU 

41' 


m 


For No. 


2, 






V = 


Uf 

8 


4r 


-!>). 


For No, 


.3, 






V = 


w 
8 


wu" 
41' 


- 


And for No. 4, 




V = 


w 
8 


4r 


' + P)' 



- (183) 



(184) 



(185) 
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131, Horizontal SCraini fn tbo end-chord KlembcFi.— 

The strains in the end members of either chord are the 
strains in the three simple trusses whose points come 
upon and nest to the abutment, or, as that trass whose 
point is upon the abutment has uo moment, the strain is 
equivalent to the strains in the two simple trusses whose 
points are next to the abutment. This strain is most 
easily obtained from the vertical equations, as was done 
in (100). Whence we obtain, 



. Zpvj _ 
"4d 



pw 



in the lower chord ; 
H = 



P _ Zpw 



(186) 



(187) 



in the upper chord, when No. 4 has a point in the lower 
chord distant J) from the abutmeDt. 



I 



H = 


8rf 


3pV 


in the lower chord ; 


; and, 


iH = 


Zpio 


p*^o 



(188) 



(189) 



ID the upper cliord, when No. I has a lower-chord point 
distant p from the abutment. 



TT _ Zpw Zp'w 

in the lower chord ; and, 

id' ^ MT 



(190) 



(191) 
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in the upper chord, whea No. 2 has % lowernchord point 
diBtant p from the abutment 

„_Spw 7p'w ^ ^jj2\ 

in the lower chprd ; and, 

°=^+^ • ■ • w 

in the upper chord^ when No. 3 has a lower-chord point 
distant p from the abutment 



133. Tertlcal Straliii fk*om a HoTlnff lAmd. — ^The equa* 
tions determined in the case of the quadruple truss with 
vertical struts and inclined ties are equally applicable to 
this truss, and their application is governed by the same 
principles. 

133. Ezaniple. 

In Fig. 52, 

Let I = 288 feet, the length of the truss, 

J = 24 feet, the depth of the truss, 

2>= 12 feet, the length of a panel or chord-mem« 
ber, 

ii/= 288 tons, the weight of a full movable lo«d, 

w = 144 tons, the constant-truss weight 

The load is upon the lower chord. 

For the chord-members we use Eqs. (178), (179), 
(180), and (181), except for the ends, where Eqs. (186) 
and (187) ; w of these equations being equal to u/ +w, 



r 
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or 432 tons ; whence we can fonn the following 
table : 






V»lue.o( 

1 ot Eqs. 

(178) & 

(IH)). 


VaUesof 

f or Eqs. 

(178) i. 

(181). 


Stnins in 

Toiii. 


Comprfatiloa 
in 


Strains in 
Tons. 


Tension in 






13 






030 


mnft DO 


34 




S48 


LM. MN. NO 


eai 


u..,. 


36 




630 


KL&PQ 


603 


klip. 




48 


CM 


lEftQR 


68S 


li»,I 




60 


058 


HlfcBS 


640 


hi Am 


73 




saa 


GHABT 


405 


gklit 


ft4 




468 


FQtTU 


441 


tg».« 




941 


8d6 


EFftUV 


887 


efinv 




108 


834 


DE4VW 


815 


' de&Tw 


190 




ass 


CDft WX 


225 


GdAwx 


133 




lea 


BCftXT 


186 


bc».r 






81 


AB4TZ 


73 


.bAyi 


1 


Tor the strains in the braces we have, for Simple 
Truss No. 4, Eq. (131) + Eq. (183), 
For No. 3, Eq. (132)-|-Eq. (184), 
For No. 2, Eq. (133) + Eq. (185), and 
For No. 1, Eq. (134) + Eq. (182). 


1 
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Substituting the values o£ tlie constants, and mnlti- 
plying for the end braces by 1.118, and for all the others 
by 1.414, we have the following table: 



Valaes of 

ttin Eq. 

(188) & 

Eq. (185). 


Valaes of 
tiin Eq. 
(182) & 

Eq. (184). 


Valaes of 

ttin Eq. 

(181) & 

Eq. (184). 


Valaes of 
ttin Eq. 
(184) & 

Eq. (182). 


Strains in 
Tons. 


CSom- 

pression 

in 


Tenrion 
in 


—12 




' 


• 


60.88 


Ab&Zj 


Ba &Tx 







. 




76.86 


Ac&Zz 








12 




76.86 


Bd&Yw 










24 


62.98 


Ce&Xy 


Ca&Xz 


86 








58.08 


Df&Wu 


Db&Wy 




48 






62.82 


EgkVt 


Ec&Vx 






60 




48.78 


Fh ftUs 


Fd&Uw 








72 


40.67 


Oi&Tr 


Ge &Tv 


84 








88.94 


Hk&Sq 


Hf &Su 




96 






81.11 


U&Rp 


Ig&Rt 






108 




2a28 


Km&Qo 


Kh&QF 


• 


, 




120 


20.77 


Ln&Pn 


U&Pr 


182 








14.85 


Mo&Om 


Mk&Oq 




144 






12.78 


Np&Nl 


Nl&Np 




• 


156 




10.61 


Oq&Mk 


Om&Mo 








168 


8.8 


Pr&Ii 


Pn&Ln 



Here Ln, Mo, Np, Oq, Pr, Pn, Om, Nl, Mk, and Li 
are subject to both tension and compression, or act as 
counterbraces. The compression in the end posts is the 
vertical strain in zy and zx, or 108 tons. 
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IM. — It is not deemed necessary to give further ex- 
amples of compound trusses with equally inclined struts 
and ties, the principles governing the determination of 
equations in any case having been sufficiently illustrated. 
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CHAPTER VI. 

TBCSaSa WITH HORIZOKTAL CH0RD3 ASD DJOLISKD BEACE?, 
THE TIES HAVINQ A DIFFEBENT INCUNATION IHOM THE 
STRUTS, SUBJBCT TO C0H3TAHT AND HOVIKQ LOADfl. 

CASK 1.— A DOUBW TRUSS WHOSE UPPER CnOEO B DlTIDtD 
INTO AN EVEN KtiUBER OF PANELS OB UEMBEKS. 



IS*. — There is but one truss of the character described 
in the heading o£ this chapter in general use, the 
Truss, Fig. 54, where the struts have a horizontal e: 
of half that of the ties, the extent of the latter 
equal to the depth of the truss. 



cribedj 

I 




Under the action of the full load the truss may be 
resolved into two simple trusses, one of which is shoi 
in Fig. 55, and termed, as in the previons cases, since 
braces meet at the centre, No. 1. 



I 



\^/\/\^/\ AAAAA. 



J/\ A/V\/ 



0za. 
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The other, shown in Fig. 56, is termed No. 2. 



La c K G I L 



L' r G' E' C A' 



b 



/\A/\/\ /\/\/\/\/\/l 

g i 1 n u' r !■ g 

Rg. 66. 

To both the counterbraces are removed. 



130. Horizontal Slralni. — Under a full load upon the 
tver chord, Simple Truss No. 1, having the panel point 
next the abutment, will be considered as bearing the 
load which comes directly upon the abutment, and 
which, since the point is only half a panel length from 
the abutment, is one-fourth a panel load. On the nest 
to the abutment panel point rests a half panel load from 
one side, and a fourth panel load from the other, making 
upon it in all three-fourths a panel load. 

Btet I = the length of the truss, 

^H d = the depth of the truss, 

^^ p = the length of a panel or any upper-chord mera- 

^^Br. The load, w, is upon the lower-chord> 

^^M Simple Truss No. I bears — + —f^ and No. 



wp 



W- — -f in this example. 

Let X be the distance from the abutment to any 
point in the lower chord of No. 1 ; then the moment of 

the reaction of the abutment is ~t- ^-, the moment 

Ithe load directly upon the abutment, -^-, of the load 
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on the next panel point, -^(a? -^ ^ )» ^^^ ^^ the re- 

mainder of the truss * of -(a: - 1) (« - 1 j, whence 
we have, 

for the compressions in the upper-chord members oppo- 
site the panel points in the lower chord to which x is 
measured. 

Taking moments around the panel points in the 
upper chord of No. 1, distant a/ from the abutment, 
we obtain for the tensions in the lower-chord members 
of this simple truss opposite these points, 

From moments around the lower-chord points of 
Simple Truss No. 2, distant ocf' from the abutment, the 
compressions in the upper-chord members opposite 
these points are given by 

Id IM 'Jdl "^ im' ' ^^ J 

And for the lower-chord members of the same truss, 
0?'^' being the distance to the upper-chord panel points, 

The strain in the members of the upper chord of 
the double truss is found by making] v of Eq. ]iqa[ 
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equal to ]^/jl [» and adding the equation so changed 

(194) 
toEq. ■jiQgfj whence we have for the compressions in 

those members opposite the lower-chord points of No. 

1,0. having been made equal to 4-., 



H = 



wl 



Bd W" 2} M' ^^^^^ 

And for the compressions in those members opposite 
the lower-chord points of No. 2, a?'' having been made 

equal to — — 2/, 



H = 



Wl to g^ JP\'_L. Sjp'w^ 

85 M 



(''-D+S^ • <'«" 



a and «' being respectively the distances from the centre 
of the truss to the lower-chord panel points of Simple 
Trusses No. 1 and No. 2. 

The tension in the lower chord of the double truss is 

found by making p | of Eq. j ^^^A equal to j J,, J ^| , 

(195 
and adding the equation so changed to Eq. <^q„ 

whence the strain opposite the upper-chord point of No. 
1 IB, making ^ = -^ — ^ 
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and opposite the upper-chord points of No. 2, making 

x"' = 1 - z', 

137. Terttcal Stratni n*oin a Aill lioad. — As in the Other 
compound trusses under a full load, the vertical strains 

here, in the simple trusses, are independent of each 
other, and may be obtained from the upper-chord sim- 
ple-truss horizontal, equations, and are, 

^ = r -!-(«- 2-). • ■ ■ «<«) 

for No. 1, u being the distance from the abutment to a 
point midway between the loaded points of this simple 
truss, and 

^ = 4-27(^+2)' ■ - • (203) 

for No. 2, u^ being the corresponding distance in this 
simple truss. 

13§. Tertteal Straini Ik-om a MoTfnff liOad. — This 

truss has one decided peculiarity : the members of the 
simple trusses are connected by the counterbraces on 
the same side of the centre. Let the point I be loaded ; 
then that portion of the weight which is borne by the 
right abutment is conveyed thither by the braces, 
through the points M, m, N, n, to O ; from O it may 
pass to o, thence to N' and thence solely through the 



I 



TIIE STKENOTH OF BEID0E3 AND KOOFS. 181 

braces of Simple Trusa No. 2 to tlie abutment; or from 
O it may pass to o', thence to M, and thence solely 
thiough the braces of No. 1 to the abutment; or again 
from O it may pass partly through o and partly through 
o'; but as the greatest strain must be provided for, each 
simple trass must be calculated to bear the whole of the 
strain which can possibly come upon it. 

IiCt w' represent, as before, the weight of a full 
movable load, and let the partial load exteud from one 

abutment a distance (? — t/) less than -- ; « in this case 

being the distance from the farther abutment to the cen- 
tre of a panel of the double truss, the reaction otthis 
abutment is, since the first panel point can bear only 

~4P 

V=g((?-«r-f:). - . (204) 

This would be the vertical strain from the partial 
load in the braces between the end of the load and the 
unloaded abutment, were there no strain from the con- 
Rtant-trass weight 

As this strain, Eq. (204), passes from the end of the 
load towards the centre, it meets tbe constant-truss 
strains, Eqs. (202) and (203), passing from the centre, 
the less of these neutralizing its amount in the greater; 
and since the moving-load strain passes through the 
counterbraces from one simple truss to the other, the 
same moving-load strain meets tbe constant-truss strain 



182 
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from both simple trusses, differing in this respect froa 
its action in the other compound trusses. 

Let every panel point, in the figure, from the left 
abutment to and including the point m, be fully loaded; 
then Eq. (204), when u is the distance from the right 
abutment to a point midway between m and n, is 1 
portion of the load borne by the right abutment, 
part of this strain at the point I meets the constaot 
strain from Simple Truss No. 2, and the remainder of it 
meets the constant strain from No. 1 at m. If u aad t 

in the Eqs. (202) and (203) be made greater than ' 

and the difference in their successive values be kept 
constant, each represents the distances to the centre of 
the lower panels of the other simple truss than that to 
which it originally belonged, and V in each etiuation 
has a minus value, indicating a vertical strain passing 
from the abutment from which u and w' are measured. 
If u of one equation be made equal to u' +p of the 
other, and the equations then added, we shall have, 



igat I 

iaot^n 
:it 






(205) 



2 r 2 

for the total amount of constant-truss vertical straii 
that meets the strain of Eq. (204) when u' is greater 

than — ; (had u' of the other equation been changed, 

and the two added, the resulting equation would be the 
same). 

Eq. (205) has a minus value, consequently the difft 



I 
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ence between it and Eq. (204) may be obtained by 
adding the two ; hence 



2 



-T("' + f)' 



(206) 



I 

I 
I 



is, aa long as it has a plus value, a strain passing to the 
abutment from which « is measured. When it has a 
minus value it passes to the other abutment and ceases 
to be of use, for it indicates a less strain than when the 
load extends to the same point from the other abut- 
ment. 

The value of vf differs from that of u in this man- 
ner: Suppose the segment a to m, inclusive, to be 
loaded as before, then u' of the latter part of the equa- 
tion is the distance from the right abutment to n, or the 
centre of a panel of a simple truss, but u is the distance 
from the same abutment to the centre of a panel of the 
doable truss, in this case, to midway between m and n ; 

hence u = u' -\- ^, and the equation becomes 



2r 



{(i-^y 



-f) 



(207) 



This equation extends from that point where it 6rst 

has a plus value to the centre, but no farther. When 

the load covers half the truss, the vertical strain to the 

unloaded abutment may take one of three courses, as 

I explained before. 

First, suppose it all to pass frotn the point o to 
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N', or o' to N, then since w = —, Eq. (204) becomes 

and this is the vertical strain throughout the braces of 
Simple Truss No. 2 ; then, as the load passes on, and 
the successive points of this simple truss become loaded, 
we have, for the load upon them, within the space 



I 

— — u, 

2 ' 



w' 
4? 



((«-t*')*-f'-f^); - - (209) 



adding this to Eq. (208), we have, 

Again, adding to Eq. (203), we have, 

^=S<'-«'K-'^-^^-M(«'+|), (211) 

for the total vertical strain, or vertical component of the 
strain, in the braces of Simple Truss No. 2, when the 
load covers more than half the truss. 

When the truss is half loaded, the strain from all 
except the point next the centre may pass through the 
braces of No. 1 to the unloaded abutment, or all of Eq, 

(204), when w = — + jp, which is therefore, 
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The load on the panel points of No. 1, in the space 



I 

2 — t^is, 



Adding these and Eq. (202), we have, 
for the maximum vertical strains in the braces of No. 1. 



139.. Example. — In Fig. 54, 

Xiet i = 312 feet, the length of the truss, 
d = 24 feet, the depth of the truss, 
^ = 12 feet, the length of a panel, 
ti?'= 312 tons, the weight of a full movable load, 
u* = 156 tons, the weight of the truss. 
For the horizontal chord strains, we use Eqs. (198), 

(199), (200), and (201). Substituting the values of the 

above constants, we can form the following table of 

strains : 
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Valaes 

of fin 

Eq. 


Valaefl 
of f in 


Strains 
in Tons. 


Compres- 
flion in 


Valaefl 
of fin 


Valaefl 
of fin 


Strmins 
inTonfl. 


Tension 
in 

• 


6 




759.875 


NO 4 ON' 







799.87S 


00' 




18 


750.875 


MNftN'M' 




18 


745.875 


no ft oV 


80 




741.875 


LM ft WL' 


24 




782^75 


mn ft v!m' 




43 


728.875 


KT. ft L'K 




86 


700.875 


Im ft mT 


54 




687.875 


IK ft K'l' 


48 




669.875 


klftlY 




66 


651.875 


HI ft FH' 




60 


619.875 


'ikftkT 


78 




597.875 


QH ft WQ' 


72 




570.875 


hiftili' 




00 


548.875 


FG ft G'F 


• 


84 


502.875 


gh ft bV 


102 




471.875 


EF ft FE' 


96 




485.875 


fgftg'f 




114 


899.875 


DE ft ED' 




108 


849.875 


ef ft f e' 


126 




809.875 


CD ft DC 


120 




264.875 


de ft e'd' 




138 


219.875 


BC ft C'B' 




182 


160.875 


cd ft d'c' 


160 




111.875 


AB ft B'A' 


144 




57.875 


be ft c'b' 



For the vertical strains, or strains having vertical 
components, we use Eq. (206) for the counterbraces 
when the load covers less than half the truss; Elq. (214) 
for the braces of No. 1, and Eq. (210) for the braces of 
No. 2, when the truss is more than half loaded. Each 
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OTace must be proportioned for the greatest strain which 
can come upon it in any case. The vertical strain is to 
be multiplied hy 1.031 for the struts, and 1.25 for the 
ties, these being the secants of their angles. The follow- 
ing is a table of the strains in the braces : 




olvlo 


V»loe« 
ofuin 

iZU). 


Vftlaea 
of via 

A. 


Strains 
in Tons. 


eioaiu 


StraiDB 
in ToDB. 


Tansion 
in 















125.37 


AbiA'b' 




a 








104,08 


Ac & AY 


18 






124.70 


Bb Sc Bb 


151.10 


Bd & B'd' 




30 




134.37 


Co & Cc- 


1.'>0.7B 


Ce & C'e' 


42 






107,33 


Dd & D'd' 


135-13 


Df & D'f 




64 




98.20 


Ec & Be- 


118,06 


Eg & E'g 


66 






00,01 


Fl & FT 


U0.33 


Fh & F h' 




78 




82,36 


Gg It G g' 


90.74 


Ql & QT 


W 






73.37 


Hh A H'L 


01.38 


Hk & H'k' 




103 




07.37 


11 A I'i' 


81,50 


U & IV 


lU 






60,03 


Kk & Kk 


73.88 


Km a Km' 




18S 




53.33 


LI 4 L'V 


84.54 


Ln & L n' 


138 






47,37 


Mini Mm 


57,44 


Mo & MV 






156 


40,16 


Nn Ji N'd' 


48,71 


No' & N'o 






168 






81,44 


On' 4 On 






180 






10,83 


Nm'iNm 


- 




loa 






8.27 


Mr & M] 


^kThe compression in the end struts is 229.3 tons. 


^ 
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The ambiguity caused by the arrangement of the 
struts at the centre and the counterbracea may be eo- 
tirely avoided, and the weight divided between the two 
simple trusses, by the arrangement shown in the follow- 
ing case : 

■ 

OASE IL— A DOUBLE TRUSS WHOSE UPPER CHORD IS 
DIVIDED INTO AN ODD NUMBER OP PANELS OR HEM* 
BERS. 

140. — Let the Post Truss, described in the previous 
case, be opened at the centre, so that the upper ends of 
the centre struts are one panel length apart, and we 
have, adding the ties, the truss shown in Fig. (57). 

1 sisisisisiaissisisisisisisi 




I2 18121313121212121S1S181S1S 
'Jfbcdefghiklmnop o'n'm'l' k'i'b'gT e'd'Cb'^ 

Fig. 57. 

The struts and ties have the same inclinations as in 
the previous case. 



141. Horizontal Strains. — Under the action of a full 
uniform load this truss may be resolved, as in previous 
cases, into two simple trusses, whose separate panel 
points are shown in the figure by the numbers 1, 1, etc., 
and 2, 2, etc. 

Let I = the length of the truss, 
d = the depth of the truss, 
p = the length of a panel, 
w = the weight of a full uniform load. 
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The load is upon the lower chord. As before, the 
quarter panel load, directly upon the abutment, is con- 
sidered as belonging to that simple truss which has the 
panel point next the abutment. Therefore, in this 

ample No. 1 bears | - 1^, and No. 2 bears'-f! + !^. 

Hence, taking momenta around any points of No. 1 
I the lower chord, distant x from the abutment, we 
ain for the strain in the upper chord opposite this 



H = 






(215) 



H' = - 



i for the lower chord, opposite any upper-chord panel 
hint distant x' from the abutment, 

J^_J^. . . . (-216) 

From momenta arcyand the points of No. 2 we have 
' the upper-chord member opposite any lower-chord 
int, distant a;" from the abutment, 



4d 






pw 



Ui UdV 



(217) 



for the lower-chord member, opposite any upper- 
I point distant x"' from the abutment, 
, wa:"' wsf"* p'w 
^'4d ~ 'Adl~Ul' 



(218) 



These are the strains in the chords of the simple 
trasses under their separate loads. The strain in the 
upper chord of the double truss, opposite any lower- 
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chord panel point, is the strain in the upper chord of 
the simple truss at the same point added to the strain in 
the other simple truss at the next panel point towards 
the centre ; whence we obtain but one equation for the 
upper chord : 

z being = — — a:, or the distance from the centre of the 

truss to the lower-chord panel point, opposite to which 
is the member whose strain is given by the equation, and 
is, therefore, the distance to the centre of that member. 
In the lower chord of the double truss the strain at 
any point is the simple-truss strain at that point added 
to the other simple-truss strain at the next panel to- 
wards the abutment, whence we obtair for any member 
of the lower chord, 

^ being = — — a?, or the distance from the centre of 

the truss to the centre of any lower-chord member whose 
strain is given by the equation. 

149. Terttcal Strain Drom a Constant lioad. — ^This, 

as before, is obtained from the simple-truss horizontal 
equations, and is for Simple Truss No. I, 

V=f-^, (221) 

where u is the distance from the abutment to any point 
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midway between the lower-chord points of No. 1 ; and 
for No. 2 it is, 



" sr 



(222) 



t 



wbere u' is the distance from the abutmeDt to any point 
midway between the lower-chord points of No. 2. 



I 



143. Terdcal StriilDt ft-om a moving Load. — If we 

consider the truss as half loaded, it will be seen from 
the figure that the portion of the weight borne by the 
unloaded abutment, excepting that upon the central 
panel point, passes from the end of the load to that 
abutment solely through the braces of Simple Truss No. 
2. If less than half the truss be loaded, the load ex- 
tending from one end, the weight borne by the unloaded 
abutment passes by means of the counterbraces from 
one simple truss to the other until it reaches the centre, 
beyond which it is confined to No. 2, as before. 

In the case of a less than half load, the conditions 
are similar (o the previously-described Post Truss, and 
Eq. (204), 



" 2r^ 



;ives the vertical strain passing to the abutment from 
which u is measured, the minimum value of u being 

_ + -^j and v/ being the weight of the full load. 

To this strain must be added the equation of the con- 
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(221) (222) 

stant-truss strain. This is Eq. ] goo i ^^^^ *^ ^' ] 221 1 

when y i is made equal to y, jT^f* Whence, 

V = |-^uy + |); . ._^ . (223) 

and since u' + ^ of this equation is the distance to the 

same point as u of Eq. (204), we have, adding these 
equations, 

V = g((i-«y-f )+!-=. - (224) 

It must be borne in mind that u, in this equation, is 
the distance from the abutment to the centre of a panel 

of the double truss, and that its least value is -- + -^^ 

and that the equation is only needed as long as V has a 
plus value. 

When the load extends from one abutment beyond 
the centre, we have for the strains on the braces of No. 

2, the strain of Eq. (204), when u = A + -|., or, 

V=|:-!^. (225) 

Then, as the successive points of No. 2 become 
loaded, we have, for the proportion of weight passing 
to the unloaded abutment from which vl is measured, 

ir.(2--^>+ipt2-~>' 
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which is to be added to Eq. (225), and to the constant- 
truss strain of No. 2, Eq. (222), and we have. 



4/' 



ii-uy+] 






(226) 



for the maximum strain upon the braces of No. 2, in 
that panel whose centre is distant u' from the abutment. 
Until the moving load, extending from one abut- 
znent, reaches the central panel point, no vertical strain 
from it comes upon the braces of No. 1 in the unloaded 
half; the greatest strain upon these braces from the cen- 
tral point is when it has a panel load upon it. Aa the 
successive points towards the unloaded abutment come 
under the load, we have for the proportion of weight 
"bome by this abutment and the greatest vertical strain 
from the movable load in the panel of No, 1 to which 
V is measured, 



and adding this to Eq, (221), we have, 



;('-")■- 



11 \- I '' 



for the maximum strain in No. 1. 

There is a portion of the load on No. 1, between the 
centre and the end of the load, that passes to the other 
abutment, or the one from which the load extends, the 
strain of which is taken back to the centre by the coun- 
terbraces. 
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144, Example.— In Fig. (57), 
Let I = 324 feet, the length of the trass, 
6? = 24 feet, the depth of the truss, 
p = 12 feet, the length of a panel, 
w' = 324 tons, the weight of a full movable load, 
w = 162 tons, the weight of the uniform permanent 

load. 
14ft. Horizontal Strains. — Substitute the values of the 
constants in Eqs. (219) and (220), w of these equations 
being w' + w^ or 486 tons, and we have the following 
table of strains : 



Values of 

sinEq. 

(219). 


Strains In 
Tons. 


Compres- 
sion in 


Values of 

e' in Eq. 

(220). 


Strains in 
Tons. 


Tenfion 
in 


-^ 





820.125 


00' 


6 


818.875 


op&po' 


12 


820.125 


NO & NO' 


18 


779.876 


no & oV 


24 


811.125 


MN & M N 


80 


777.375 


mn & n'm' 


86 


793.125 


TiM & L'M' 


42 


745.875 


lm*mT 




48 


766.125 


KL & K'L' 


54 


705.875 


kl & Ik' 


CO 


730.125 


IK & IK' 


66 


655.875 


ik & k i' 


72 


685.125 


HI & HI' 


78 


596.375 


hi & i'h' 


84 


631.125 


QH & G'H' 


10 


529.875 


gh&h'g' 


/ 


96 


568.125 


FG & FG' 


102 


458.875 


tg & g'f 


108 


496.125 


EF & E F' 


114 


367.875 


ef & f e' 




120 


415.125 


DE & D'E' 


126 


278.875 


de & e'd 




182 


825.125 


CD & CD' 


138 


171.875 


od & d'c' 




144 


226.125 


BC & B'C 


150 


67.875 


be & c V 




156 


118.125 


AB & A'B' 






■ 
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X4a, Vertical Birai in.— Substitute the values of the H 
constants in Eqs. (228), (226), and (224), and multiplying 1 
(he results by 1.25 for the ties, and 1.031 for the struts, H 
«e have the following table of strains in the bmces : H 


in E,. (224). 


168 


180 


103 


204 










Stn\m in 
Tona. 




23.87 


i4.ae 


1.20 








uoD m 




Oo4 
UV 


S'n- 


M'm' 








^k Stnjni ID 


43.13 


2S,70 


17.41 


1.4JS. 










ooa 

uO 


dO& 


m'S' 


1M& 
I'M' 








^Pa Eq. (23a) 


150 


vm 


103 


78 


U 


80 


« 


^M Sinint in 

^1 rrtnu. 


e.33 


22.57 


38.78 


61.88 


07.08 


84.88 




^V CompKB- 


Nn& 
N'n' 


1/1' 


li & 
I'i' 




E'b' 


Cc4 
C'c' 




Tom. 


1155 


37,38 


44,39 


GS.01 


83.38 


103.01 


134.59 


•Tenalon 




. L'n' 


II A 

rr 


Oi' 


1'/ 


Ce4 
Co' 


Aci 
Ac' 


■» £q.{228) 


138 


114 


90 


M 


43 


IB 





^H Stiuns in 
^B Tune. 


S1.4Q 


B.').34 


76.00 


WS.47 


111.08 


120.30 




^1 Mionin 


M'm' 


K'k' 


IIh& 




D'd' 


BbA 

B'b'. 




^1 Tone. 


G3.43 


fn.io 


00.83 


115.75 


135.70 


158.88 


125.27 


^1 TTenaioiL 


MoA 
MV 


EinJl 
K'm' 


Hk4 

U'k' 


Fhi 
F'h' 


D(4 

L'j' 


B'd' 


Ab& 
A'b' 







1 
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Total compression on the end struts, 238.5 tons. 
The compression on Nn and N'n' is greater in the 
second equation than in the first 

I4r.— This system of bracing, like the others, may be 
cf^ended to compound trusses containing any number 
of simple trusses, for which equations may be similarly 
found. 



I 
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CHAPTER VII. 



INCLINED TRUSSES OE KAFTER3. 



14S.— The same principles govern the investigation 
Tof strains in inclined as in horizontal trusses, and mo- 
ments are to be taken and equations formed in the same 
I manner. 

^^L The inclined truss thrusts horizontally as well as 
^^Brertically against its abutments or walls, or the latter 
^^Kvnsj be considered as having a horizontal reaction id- 
^^■Trard as well as a vertical reaction upward. 

^B IM. Horizontal BcacClou. — Let A6 and AC, Fig. 

I 68, represent a pair of inclined trusses or rafters, joined 
together at the apex and to the walls by one chord only, 
liCt I — the horizontal distance, BC, between the walls, 
V = the length of each rafter, 
A = the height of the apex. A, above the walls, 
UT=the whole weight, liniformly distributed over 
the two rafters. 
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The rafter to the right of A is kept in equilibrium by 



w 



the vertical reaction of the wall, --, the weight on the 



w 



rafter, —, and the inward reaction of the wall ; hence, 

taking moments around A, we have for the moment of 
the latter, the difference between the moments of the 
other forces, or, 

2-^2 2 4* 
vH=:g, - • - - ■ (229) 

is the horizontal reaction of either walL 

Taking moments around D, in the line of the tops 
of the walls, it will be found that the horizontal thrust 
at A is the same. 

150— Had the rafters been joined by both chords at 
A, it would be impossible to determine the proportion 
of strain to which each chord would then become sub- 
ject In such a case one rafter could not bear an equal 
or certain fixed proportion of strain to the other unless 
the mechanical construction possessed a theoretical pre- 
cision almost unattainable in practice; and even were 
this done, the different expansions and contractions of 
the two chords would immediately affect the amount of 
strain upon each. 

All ambiguity of strains in trusses must, where prac- 
ticable, be avoided, and we shall therefore consider the 
rafters as joined together by one chord only. 
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ISI. The proportion botwocn ttao Horizontal and Ter- 
ilral Bcacilons of ibc Wall. — To find the proportion 
between the horizontal and vertical reactions of the wall, 
we have, 



i 



Sk * 2 " ■ 4 
Draw, in Fig. 58, the vertical line BE = A, and the 
irizoutal line EF= ^. If BE represent the amount 



of vertical reaction, 



'r 



then EF will represent the 



f'izontal reaction, and this proportion will hold good 
any value of w, great or email. 
The resultant force of BE and EF is represented by 
line BF. This line gives the direction and amount 
;hrust of the rafter, and BE and EF are the vertical 
I horizontal components of this thrust. 
It will be noticed that the resultant thrust is not in 
line of the rafter, and that its direction depends on 
the inclination of the rafter and not on w. 



153. Lonsltudinai Reaction .^Instead of horizontal 
^d vertical components, this thrust of the rafter, repre- 
nted by the line BF, may be resolved into two other 
iODiponenfs, one shown by BA in the line of the rafter, 
Od the other by GF at right angles to it. The first of 
ise we shall term the Longitudinal Reaction, and the 
J>er the Transverse Reaction, the value of the former 
; found as follows : Produce the lines EF and BG 
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until they meet at I, and from F draw FG parallel to 

BI ; therefore PI = FE = i, and the triangle FGI is 

4 

similar to the triangle ADB, and 

I' : L :: i : I. = the length of GL 
2 4: 81' ® 

Then, 

r w . wi' wV 



h : V 



W " 2 2A Wdr 
and, 

wV wV _wV V) iyx Ttv _ wV , wh 

°'' ^=44 + 4?' " " ■ <^^^) 

is the longitudinal reaction of the wall or abutment. 

153. Trantverse Reaction. — The transverse reaction 
is found by a similar process. 

P : A :: i : M = the distance GF, 

and 

I • hi .. w . wl ^ 
W 2 8^' * 



or, 



T = |;f, (231) 



8/ 
is the transverse reaction of the wall. 
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IM. TmM stralm.— Let Pig. 59 represent a pair of 
rafters, 




V\g, 69. 

or inclined trasses, joined to each other and to the wall 
by the upper chord, and divided into uniform panels by 
the braces. 

Let w = the weight, uniformly distributed over the 

two rafters. 
{ = the distance between the walls or lower 

ends of the rafters. 
V = the length of each rafter between the points 

of its connection. 
h = the height of the apex above the supports, 

or the height of one end of a rafter above 

the other. 
d = the depth of the rafters, or the distance 

between the chords at right angles to the 

lengths. 
w = the distance along the upper chord to any 

panel point from the point where it is 

joined to the abutment. 
L = the longitudinal chord strain. 
T = the transverse strain. 

The weight is considered as concentrated at the 
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upper-chord panel points^the abutment bearing half a 
panel load. 

155. liongttadlnal Strains. — If we take moments 
around any panel point in the upper chord distant x 
from the wall, the moment of the longitudinal strain in 
the lower chord, in the same transverse section, is Lx^; 
and it is equal to the moment of the transverse reaction 
of the abutment, less the moment of the transverse com- 
ponent of the load on x : the longitudinal reaction of 
the abutment, and the longitudinal component of the 
weight on a?, passing through the point about which mo- 
ments are taken, have no moment. 

The weight on a? is ^ - X ^ ; ^^^ if i^ be represented 

by the line ab in Fig. 59, he will be its transverse, and 
ac its longitudinal component, and the triangle abc will 
be similar to the triangle ACD ; hence we obtain the 
former component from the proportion 

7, . Z .. wx . wlx 

2 21' 4r ' 

and its moment is — - X — = ^775 ; whence we can form 

4:1/ 2 ol 

the equation 

j^^wlw_M .... (232) 

for the longitudinal tension in the lower chord opposite 
any panel point distant x from the walL 

Taking moments around a point in .the lower chord 
in the same transverse section, the moment of the trans- 
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ferse reaction of the wail and the load on x are the same 
i the other chord. In tiiis case the conditions, so far 
3 the moment of the load on x is considered, are the 
larae as those which in (28) gave Eq. (14). 

We have, therefore, Eq. (232) for the upper and 
, I 



trer chord strains, and making x - 



, we obtiun, 



J _ idI wlz' 
"32? 85r' 



(233) 



iiere z is the distance from the centre of the upper 
ihord to the different panel points. 

This strain, Eq. (233), is from the transverse reac- 
tion of the abutment; but other strains from the longi- 
tudinal component of the weight upon the rafter, and 
the longitudinal reaction of the abutment, affect the 
Bpper chord. 

In considerin*' the effect of these strains it will be 



oad rests directly on the abutment, and consequently that 

rmrX'" — o) ^''^ express the true amount of the load be- 

ween the panel point to which m is measured and the 
bbutment The moment of its longitudinal component 

B -^r~i^ — —\ ind the moment of the longitudinal 

21" ^ 2p ° 

laction is, from Eq. (230),f^-^ + ^\il whence 
I 4A W I 
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and 

4A ^ 4f 2/"^ 2 i' ^ ^ 

is the compression from the longitudinal strains which 
are confined to the upper chord ; and for this chord is 
to be added to Eq. (233) ; bearing in mind that Eq. 
(234) applies throughout the truss to the member on the 
abutment or lower side of the point to which x is meas- 
ured, and Eq. (233) to the member, as will be seen here- 
after, on the side on which there is no inclined brace, of 
the point to which z is measured ; the equations have 
been separated to avoid confusion from this cause. 

Eq. (232) is greatest when x =—, or at the centre, 

when it becomes 

L=^^, (235) 

32d' • ^ ^ 

and decreases both ways to the ends, where it becomes 
zero. 

Eq. (234) varies inversely as a?, and is, consequently, 
greatest at the abutment and least at the apex ; its dif- 
ference between any two points distant p apart, that is, 
any two contiguous members, is, it will be seen by sub- 
tracting Eq. (234) at x from Eq. (234) when x is made 

0?+^,'^-^ or the longitudinal component of a panel 
load. It therefore receives no strains from the braces, 
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r transmita any to tiicm, but is confined wholly to the 
upper chord. 

IM. Transverse Strains. — As Kq. (232) increases as 
e pass from either end towards the centre of the rafter, 
this change of strain must atFect the braces, and as Eq. 
(232) is similar to the horizontal equations for the hori- 
zontal trusses, the braces, it will be seen, will depend 
upon their inclinations for their character of struts and 
ties ; that is, if they are alternately transverse and diag- 
onal, the latter will be ties when their upper or outer 
ends are inclined towards the ends of the rafter, and the 
irmer, struts ; the reverse being also true. Similarly 

the other trusses, the difference in the different values 
of Eq. (232) at the two ends of a panel is the longi- 
tudinal component of the strain in the tie of that panel. 
{Liongitudinal, in this chapter, refers exclusively to line 
f direction of the chord). 

The difference in the values of Eq. (232) at a; and at 

'P, is, 



It 



U'lp _ 

Kiid from the proportio 



idn 2 1' 









and makinff w ^ a; — ^—. or the distance from the end to 
° 2' 

the centre of a panel, we have, 

wl tvlu 



SI' W 



<236) 
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V 

This strain becomes zero when w = — , and increases 
towards either end ; but when u becomes greater than 
~, T has a minus value, indicating a strain passing to the 

opposite end to that from which u is measured. 
157.— At either end of the rafter, 

T=^. (237) 

At the upper end, where x = l\ Eq. (232) becomes 
zero, and Eq. (234), putting V for x—^y becomes 

Hence we have two strains at the apex, one, Eq. 
(238), thrusting upward and against the other rafter; 
the other thrusting downward and also against the other 
rafter. The horizontal component of Eq. (238) is found 
from the proportion, 

' 2 " 4h W'8h 8F' 
and of Eq. (237) from the proportion, 

7/ . h ""^^ . ^^ 

SI' sr' 

adding, we have, 

TT _ w?Z whl . whl _ wl /oQQ\ 

total horizontal strain at the apex. 
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The vertical component of Eq. (238) is from the pro- 
portion, Z' : A :: !fj - !fj : !f! - !^\ a thrust upward. 
^ ' 4h W 4 4/'"' ^ 

The vertical componeut of Eq. (237) is from the pro- 
portion, V \ — : : 



2 %v * ier 

and smce — = ^ — h\ ~— .. = — — -^^, 

4 ' 16r 4 4r' 

a thrust downward, equal in amount to the other and 
neutralizing it, leaving only a horizontal strain at the 
apcz. 

IM. Example. — Let Fig. 59 represent a pair of rafter 
trusses; 

Let I = 150 feet, the distance between the lower ends 

of the rafters, 
p = 80 feet, the length of either rafter, 
h = 27.84 feet, the height of the apex above the 

wall, 
p= 5 feet, the length of a panel, 
d= 2.5 feet, the transverse depth of either truss, 
w= 20 tons, the weight, distributed uniformly over 

the trusses. 

IW. liongltadlnal Strains. — For the upper-chord 
strains substitute values in Eq. (233), the first value of 
z being zero, and in Eq. (234), and add the strains so 
found ; for the lower chord use only Eq. (233), the first 
value of z being 5. In the table of chord-strains below, 
the strains for the upper chord, from the two equations, 
are given separately and then added. 
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Valaes of 

fin £q. 

(288). 


Strains 
in Tons. 


Tension 
in 


Com- 
pression 
in 


Valaes of 
X in Eq . 

(28*). 


Stimina 
in Tons. 


Total 

am>e^ 

chord coni- 

preM&on. 


85 


8.79 


St 


TC 


6 


16.00 


24.79 


80 


16.41 


rs 


ST 


10 


15.78 


82.19 


25 


22.86 


qr 


RS 


15 


15.57 


88.43 


20 


28.12 


pq 


QR 


20 


15.85 


43.47 


15 


82.20 


op 


PQ 


25 


15.18 


47.83 


10 


85.16 


no 


OP 


80 


14.91 


60.07 


5 


86.91 


mn 


NO 


85 


14.70 


50.61 





87.5 




MN 


40 


14.48 


51.98 





87.5 




T.M 


45 


14.26 


51.76 


5 


86.01 


Im 


KL 


50 


14.04 


50.95 


10 


85.16 


kl 


IK 


55 


18.82 


48.98 


15 


82.20 


ik 


HI 


60 


13.60 


45.80 


20 


28.12 


hi 


GH 


65 


18.89 


41.51 


25 


22.86 


g^ 


FG 


70 


18.17 


86.08 


80 


16.41 


tg 


EP 


75 


12.95 


29.36 


85 


8.79 


ef 


AE 


80 


12.78 


21.52 
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' 1«0. Traniver*e Strulni. — ^Tlie load being concentrated 
lOn tlie upper-chord points, the strut belongs to that 
loint to which u 13 measured ; Eq. (236) gives the 
straiua in the struts, and multiplied by 2.236, the secant 
of the angle made by the ties witli the struts, gives the 
strains in the tics ; whence, by substituting the vahies 
given above, we can form the following table: 



mHwm of ». 


S.5 


7-1 


I2JI 


17JJ 


33.5 


87.6 


83.5 


87Ji 


StnOns in Tons. 


4.09 


8.81 


8:32 


3.64 


8.00 


1.46 


.68 


J!8 




Tt4 


Ff 


Rri 

Gg 


%' 


%" 


OoA 


Nn4 

LI 


Mm 


Stnin* in Tom. 


9.82 


8.93 


7.30 


S.BO 


4.53 


B.36 


1.87 


.63 


Tension in 


Ae& 

tc 


E(4 




G1i& 




oP 


nU 


I,m& 



101. Au Inclined TruM whose StruU and Tlei mnko ihe 
same Angle with the Chord,— If the truss shown in Fig. 
(48) be used as a rafter, the longitudinal and transverKC 
reactions of the wall remain the same; the longitudinal 
component of the weight on any segment remains the 
snrae, and Eq. (234) will apply without change; the 
moments for the lower chord are taken similarly, so that 
Eq. (232) holds for that also. ButEq. (232) is adapted, 
in this case, to the upper chord, because x must be meas- 
ured to the lower-chord panel points, instead of to the 
loaded points. 
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The moment of the weight on the segment of is in 
this case + — —-, 

and its transverse component is given by the proportion, 
t, . ^ ,. t^ , v^ . t^ , wlp\ 

therefore Eq. (232) for the Upper chord becomes 

Sdl^ SdF M^' ' * * ^ ^ 

of being the distances to the lower-chord points. 

In this case vertical equation (236) applies without 
change, u being the distance to the centre of any upper- 
chord panel member. The struts and ties are distin- 
guished by their inclinations, and are the same as in 
the same truss placed horizontally. 
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CHAPTER VIIL 



TBIAiraULAR TRUSSES. 



lw.~Triangular Trusses are those in which one 
horizontal chord forms the base of an isosceles triangle, 
the remaining two sides acting as the other chord, with 
braces between. They are generally used to support 
roofs, but also possess many advantages for bridge pur- 



168. — ^Let AB and BC, Fig. 60, represent two rafters 
whose thrust at their supports is taken by the hori- 
zontal chord BC, and connected to the chord by braces. 



omitted in the figure. 




Fig. eo. 

ABC is a triangular truss, AB and AC acting as 
one chord, the strains in which will be termed the longi- 
tudinal strains. 
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tS4. liongltadlnal Stralni.— 

Let w = the weight, uniformly distributed over the 

chord struts, AB and BC, 
I = the horizontal distance between the abutments, 

BandC, 
I' = the length of either chord strut, 
d = the height of the apex above the abutments^ 

or the de^h of the truss at the centre, 
X = the horizontal distance from one of the abut- 
ments to any point between that abutm^ 
and the centre, 
H = the horizontal strain in the horizontal chord, 
L = the longitudinal strain in the chord struts, 
V = the vertical strain, or vertical component of the 

strain affecting the braces. 
Disregarding for the present the braces, and taking 
moments around a, in a vertical section cutting no in- 
clined brace, distant x from the abutment G, that part 
of AC to the right of ah is kept in equilibrium by the 

reaction of the right abutment, --, the load on 6c, — , 

and the longitudinal strain at /• 

Hence L, the longitudinal strain at 6, multiplied by 
aCj the distance from a at right angles to its direction ; 



or. 



T .^ wx wx 

Li X ac = 



2 2t 

From similar triangles, 

dx 



I' : d :: x: ac^ or ac = 



I' 
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Substituting, we have, 

T "T "2/"' 

L = ^'_:^?. .... (241) 

From the shape of this truss it is evident that the 

maximum value of x is — , and that its limits are zero 

2' 

and — ; when it is zero, 

1-=^ w 

the longitudinal strain at the abutment, whose vertical 
component, found from the proportion V : <2, is -- ; or 

at the abutment the chord strut contains the whole verti- 
cal strain. When a? = 5-, 

L = ^, (243) 

and its horizontal component, from the proportion 

M5« Horizontal Strains.— Taking moments around b^ 
those of the load on he and the reaction of the abutment 
remain the same as above, and we have for the strain 
at o^ 

and -.:d::x: -rr- , the distance ab. 
2 I 



214 A TREATISE ON 

Substituting, we have, 

■g- 2dx _. wx wx^ 

1 2" '21' 

and 

This strain, like the longitudinal, is greatest at the 
abutment, where a? = 0, and 

«=s <^«) 

and least at the centre, where aj = — , and, 

H = g, ...... (2«) 

or it equals the strain in a horizontal truss at the centre, 
and increases from that point to the abutment, where it 
is double that amount. 



lee. Terticai straini. — H of Eq. (244) being the hop. 
izontal strain at a ; 

U Id' 

will be the horizontal strain at the point d^ distant of 

from the same abutment. The strain at d is evidently 
greater than that at a ; subtracting, 

is the difference ; this may be caused by a tie from d to 
£, with a strut from 6 to a, which would add to the ten* 
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I sion At d; or a strut from a to c, with a vertical tie cd, 
I -which would neutralize a certain amount of tension at a. 

[ is the horizontal component of the compression in ac, its 
f vertical component is found from the proportion ati ; dc, 



V = 



w 



(247) 



'J^ (he vertical component of the strain in the brace ac. 

. Now, if the truss be divided into panels of uniform 
horizontal length, braced as in Fig. (62), with inclined 
struts and vertical ties, and the weight considered as 
concentrated at the upper panel points, it will still per- 
fectly ful61 the conditions on which the above equations 
have been based ; and Eq. (247) is the vertical compo- 
nent of the strain in that strut whose upper end is dis- 
tant X horizontally from the abutment. It will be 
noticed that Eq. (247), or the vertical strain iii the 
braces, increases from zero at the abutment, where 

_ I 

' -2' 

Attention must be directed to the difference between 
the equations of the triangular and of the horizontal 



= 0, to — at the centre, where x = 
4 



The tension in any vertical tie is plainly the vertical 
■train in that strut to whose lower end it is attached. 
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except the centre tie, which receives the vertical strain 
from two stmts. 

1«7. Example.— In Fig. (61), 





6 d e . f 



Fig. 61. 



JjQt w = 50 tons, whole weight, 

I = 100 feet, the length of the truss, 

V = 51.4 feet, the length of the chord strats, 

d = 12.5 feet, the height of the truss at the 

centre, 
jP = 10 feet, the horizontal length of a paneL 
From Eqs. (241) and (244) we have the following 
table of the longitudinal and horizontal strains : 



Values of x. 


10 


20 


80 


40 


50 


BtraiiiB in Tons. 


02.56 


82.27 


71.99 


61.70 


51.49 


Compression in 


AB&KL 


BC&IE 


CD&HI 


DE&GU 


EF&FG 


Strains in Tons. 


90 


80 


70 


60 




Tension in 


Ab&hL 


bc&gh 


cd &fg 


de& ef 





From Eq. (247) we obtain the vertical straips and 
the compression in the struts from the proportion of the 
vertical height of the stmt to its length, or what is the 
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same, multiplying the vertical strain by the secant of the 



angle of the strut and a vertical. 



Values of x. 


10 


20 


80 


40 


StniiiB in Tons. 


10.81 


11.18 


12.5 


14.14 


Ck>mpre8Bion in 


Bb&Eh 


Cc&Ig 


Dd&Hf 


Ee&Ge 


Stxmins in Tons. 


2.5 


5 


7.5 


20 


Tension in 


Cb&Di 


Dc&Hg 


Ed&Gf 


Fe 



166, Inclined Struts and Ties. — If a triangular truss 
be braced as in Fig. (62), the lower 




Fig. 02. 



cbord points are not vertically beneath the upper points, 
and the longitudinal equation becomes changed ; and 



T ■" "2" ~2l ■*■ "^' 



whence, 
L = 



wV wVx , wVp^ 



2d 



2(U 2dlx 



(248) 



WV 



The vertical equation, -— , remains the same, x being 

still the horizontal distance to the upper end of any 
strut ; the tie connected to the lower end of any strut 
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having the same vertical strain as that strut If the 
weight and dimensions of Fig. (62) be assumed the same 
as those of Fig. (61), we have the following table of 
longitudinal and horizontal strains : 



Values 
otx. 


5 


15 


25 


85 


45 


Strains in 
Tons 


92.56 


85.71 


76.11 


66.18 


56.01 


Compres- 
sion in 


AB&EL 


BC&IK 


CD&HI 


DEIcGH 


EFIcFO 


Values 
otx. 


10 


20 


80 


40 


50 


Strains in 
Tons. 


90 


80 


70 


60 


50 


Tension in 


Ab&iL 


bc&hi 


od&gh' 


de & fg 

• 


ef 



And the following table of strains in the braces : 



Values of x. 


10 


20 


80 


40 


Strains in Tons. 


5.59 


7.07 


9.01 


11.18 


Compression in 


Ki&Bb 


Cc&lh 


Dd&Hg 


EelcGf 


Strains in Tons. 


8.58 


6.00 


8.89 


10.76 


Tension in 


Cb&n 


Dc&Hh 


Ed&Gg 


FelcFf 



169. The Tiian^ular Truti lubject to HoTable I^oadf. 

•When used for bridge purposes the load will be npon 
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tiie horizontal chord, and generally the truss will be in- 
verted, in which case the longitudinal and horizontal 
etraiDs will remain the same in amount, though changed 
in character ; the vertical equation will also remain the 
same. 

We shall now consider the effects of movable loads 
to irhtch the truss is subject when used as a bridge. Let 
the truss, Fig. (62) inverted, be partially, but more than 
balf loaded, let the load extend from the left abutment 
to a point distant u from the right abutment, and let v/ 
= the weight of a lull load of uniform density with the 

partial load. By the principles of the lever, —.(J. — u)* 

is the reaction of the right abutment Taking moments 
aroDod a point in the chord tie, or the lower chord, 

i distant x horizontally from the right abutment, x being 
less than if, we have for the strain in the horizontal 
chord, 
I 
ac 



H 






2i' 



(/ - u)', 



nd, 



^-^'- 



«)■, 



(249) 



constant for the entire distance u. 
In the same manner for the tension in the lower 
chord, 



i-^ = S;<'-»v 



it' 






(250) 
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also a constant, or, the compression in the upper chord 
and the tension in the lower chord are the same from 
the end of the partial load to the abutment. Conse- 
quently no strain comes upon the braces between the end 
of the load and the abutment, when the partial load cov- 
ers more than half the truss. 

Eq. (249) may be put in this form : 

Wl WUj^ u \ 



H = 



2d^ 



4d 2d ' 21, 
Under a full load, the least horizontal strain through- 
out the above distance, t^, would be at the end of u ; 
therefore, putting a? = t/, Eq. (244) becomes, 

_ ""4"a~45' 

evidently greater than the strain from a partial load at 
the same place. Similarly, it may be shown that the 
longitudinal strain is greatest under a full loacL 

The above Eqs., (249) and (250), are true for any 

value of t/, while x does not exceed — ; that is, when the 

load covers less than half the truss, Eq. (249) is the 
horizontal, and Eq. (250) the longitudinal strain from 
the abutment to the centre, and being constant, do not 
cause any strain in the braces between those points. 
Let Fig. (63) represent a truss less than half loaded. 




Fig. 03. 
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Let X represent the distance from the right abutment 
to a point between the centre of the truss and the end 

of the load, being therefore greater than—, but less than 

u; then, 

the vertical distance between the chords. And from 
moments around 6, 

and 

^=s^-- ■ - • -(^'^ 

is the horizontal strain in the upper chord between the 
centre and the end of the load, and increases from the 
centre, where it is the same as Eq. (249), as x increases^ 
to the end of the load, where a? = w, and it becomes, 

a strain very evidently, by comparison with Eq. (244), 
less than the strain at the same point under a full load. 

This decrease in the value of H, as we pass from the 
centre, requires ties inclined as in full load, that is, as in 
Fig. (64), or struts with the opposite inclination. The 
less than half load requires the same braces as a f uU 
load. 

Let 

TT _WX{1 UY 

""4rfZ(Z — a:)' 

12 
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be the compression at a, and 

-rr, __ wafQ — u)* 
4dl\l — Qif) 

be the compression at c, then 

H^_ H - ^(^ ~ ^^(^ ~ ^^ 

Ad(l - x)(l - x') 

is the horizontal component of the strain in be, and this 
component is to the vertical component as oc is to oi ; 
or, 

^_^,.2^(r-^)..y._g^ 

I 2i{i — xy 

greatest when a/ is greatest, or when it equals i/^ in which 
case we have, 

V = |(?-«), ..... .(232) 

for the vertical strain in the braces at the end of a less 
than half load. 

The equation of the vertical strain at the same point 
from a full load is, Eq. (247), 

but in this case x is the distance from the left abutment, 
or I — u\ that is, the vertical strain in the braces from 
the less than half load is equal to the vertical strain at 
the same point from a full load. 

Again, ^ ~ — L^ the reaction of the right abut- 
ment, is less than ^ ~ ^ ; or the vertical strain in the 
' 21 
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Lces at the end of the load is greater than the reaction 

of the unloaded abutment. This seeming contradiction, 

that the braces between the centre and the end of the 

lad bear a grentcr weight than the abutment, can be 

iadily explained. 

In this case, and as H was determined, 

T u'l'v 



2dJ^ 



{l-u\ 



le tension in the chord tie under the end of the load, 
id 

le vertical component of this longitudinal strain. This 
rain is passing towards the loaded end of the truss, or, 
L the present example, towards the left abutment. Sub- 
:ting this from the vertical strain in the brace, since 
passes in the opposite direction, 



2-,(!-")-^('- 



") = 



•a 



('-»)■, 



le reaction of the right abutment, or the excess of ver- 
tical strain in the braces is neutralized by an excess of 
equal amount in the chord tie. 

It is next necessary to ascertain the bracing required 



Fig. 64. 

nder a partial but greater than half load. 



In Fig. 64, 



224 A TBEATIBB OK 

let u equal the length of the unloaded part, as before, 
and X the distance from the abutment to a point under 
the load ; then from moments around d we have, 



H?*'=pj-«)— 1(»-«)-, 



and 



W ^1 VI w 



=a?('— >'-iiF<^-'>' • • <■'''> 



in which H increases -as x decreases ; this increase re- 
quires ties inclined as in a full load, or as in Fig. (65) ; 
that is, as far as the centre, where H reaches its least 
value; beyond, H increases to the farther abutment, 
requiring ties with the opposite inclination. 
At any point, £, from moments around c, 

Whence, 

H' - H = J^(a. - a>') - -^ f^^=^ 1, 

4d^ ^ 4d [ asx' r 

and, as before, 

I 4d^ ' 4d[ xaf ) 21 2kP 

a strain passing in the same direction, and requiring the 

same kind of brace, but less by ^ than the vertical 

•^ '2lx 

strain from a full load of equal densit}^ 

Hence we see that in every case the strains from the 

full load are the greatest, and that no braces are required 

for a partial load except those needed under a full load. 
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CASK L— A SIMPLE TRIJ^NGCLAR TRUSS WITH VERTICAL 
STEOTS AND INCLINED TIES. 

ITO. Example. — In Fig. 65, 

CDE PQH I KLMNOPQ 



'iW^F 






Fig. 65. 

I*t ; = 200 feet, the length of the truss, 

d= 20 feet, the depth of the truss at the centre, 

Ip= 12.5 the length of a panel, 
w = 200 tons, the weight supported hy the truss 
when fully loaded. 
The horizontal strains in the upper chord are ob- 
tained from Kq. (244), and the longitudinal strains in 
the lower-chord ties, from Eq. (241), whence the follow- 
ing table : 



Valnu ot e. 


12,6 


2S 


37.5 


CO 


S2.5 


76 


87.S 


100 


tKnioB In Tone. 
Irom Eq. (844). 


373 


SSO 


825 


300 


275 


250 


325 






AB.BC 
PtJiQH 


CD 4, 
OP 


DE& 
MO 


EF4 
MN 


LM 


GH4 
KL 


mil 

IK 




from Eq. (241). 


3BS.S 


300.0 


835 


309.3 


283.5 


B57.8 


331, « 


aoe.2 


TeuBion In 


Ab& 
qR 


pq 


op 


de & et& 


V 


'i,' 


hi A 
ik 



326 
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Eq. (247) gives the vertical strain in the ties, ^ being 
the distance to the abatment end of any tie; whence, 
from the proportion of the vertical to the lon^tadinal, 
we obtain the tensions in the ties. 

The vertical strain in any stmt distant x from the 

abutment, is a panel load, or !^, added to the vertical 

strain in the tie on the abutment side of the strut, or 
-— , when of = x—jp; substituting and adding, we have, 

Y = m+'^(x-p) = ^+^ . .(254) 

is the compression in any strut distant x from the abut- 
ment. 

Whence the following table of strains in the braces : 



Valaee of x. 


12.5 


25 


87.5 


50 


82.5 


75 


87i5 


100 


Strains in Tons. 


25.8 


27.9 


nj2 


85.8 


40.1 


45.1 


50.4 




Tension in 


Pq 


Op 


dE& 
No 


eF& 
Mn 


fG& 
Lm 


Kl 


Lift 
Ik 




Strains in Tons. 


12.5 


18.75 


25 


81.25 


87.5 


4a75 


50 


100 


Compression in 


Bbft 
Qq 


Cc& 
Pp 


Dd& 
Oo 


Ee& 

Nn 


Ff& 
Mm 


«&* 


H1i& 
Kk 


n 



The strain in B is double Eq. (254), as it receives the 
vertical strain from both sides. 
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CASE n. — A DOCBLE TRUSS WITH VERTICAL 8THIJT9 AND 
INCLINED TIES. 



Fig. 6(1. 
111. — This truss, like the preccdinji double trusses, 
may be divided into two simple trusses whose braces act 
independently of each other. The eimple truss which 
has a full panel at the end will be designated as No. 1, 
the other as No. 2 ; their separate panel points are num- 
bered in the figure. Each truss bears half the load. 
liCt I = the length of the truss, 
d = the depth at the centre, 

p = the length of a panel roea-sured horizontally, 
w = the weight, uniformly distributed. 

ira. iiorizonial $irain«. — Simple Truss No. 1 has the 
half-panel load resting directly upon the abutment, and 
has also a full panel at the end, hence the horizontal 
strain in the upper chord from this simple truss is 

2^irf_f^ ,2^5. 

iid Sd ^ ' 

Simple Truss No. 2 has a full panel load a half 
(simple truss) panel length from the abutment, and Its 
horizontal strain is similar to Eq. (1G2), 

_ wl tvxf , wp* 

'Sd W Sd^' 



H' = ^ — 



(256) 
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In the compound truss, the strain at any point in the 
upper or horizontal chord is the strain in one simple 
truss at the same point added to the strain in the other 
simple truss at the next panel towards the abutment. 
Hence, making x' of Eq. (256) = x — p^ and adding to 
Eq. (255), we have for the horizontal chord strain at 
any panel point of Simple Truss No. 1, 

XT_«;/ WX . WpX iC%Kn\ 

And making x of Eq. (255) = a/ — p, and adding to 
Eq. (256), we have for the horizontal chord strain at 
any panel point of Simple Truss No. 2, 

173. TerUcal Strains In tbe Bracei. — From Eq. (255) 
the vertical component of the strain in any tie of Simple 
Truss No. 1 is, where x is the horizontal distance to the 
lower end of the tie, 

V = ^. ...... (259) 

The vertical strain in any strut is the vertical strain 
in that tie to which the upper end of the stmt is at- 
tached, and one panel load, or -^ ; if a? be the horizontal 

distance of the strut from the abutment, the strain in it 
is !;^ + Eq. (259) at a; — 2^, or 

V 
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From Eq. (256) the vertical component of the strmo 
in any tie of Simple Truss No. 2 is, where x' is the hor- 
izontal distance from the abutment to the lower end of 
the tie, 

V = '*^ 4_ "V 

'U ^\{x- 4- 2;;)" 

The vertical strain in any strut is, as before, the 

vertical strain in that tie to which the upper end of the 

strut is attached and one panel load ; or when x' is the 

horizontal distance of the stmt from the abutment, the 

compres!<ion in it is, 



4X 

_ wx 



i^-^p) + 



U\pif -2p + ip) 



+ 



4- 



4U' 



1T4. Longltudliial stralni. — Taking moments around 
any panel point in the horizontal chord of Simple Truss 
No. 1, we obtain, 



-r _'U)l' wl'x 

Id 'M' 



\ 



And for Simp'e Truss No. 2, 

■J- _wl' wl'x' , wl'p* 

^45 'tdi 4dl^' 
Mating a:' = a; + p, and adding Eqs. (263) and (264), 
we have for the longitudinal strain in the chord ties of 
the compound truss at the panel points of Simple Truss 
No.l, 

_ wl' _ wl'x _ wl'px 
~25 2<« Adl{x+py 
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Nest making x = x' +j>, and adding Eqs. 
and (2G4), we obtain, for the longitudinal strain in the 
compound truss at the panel points of Simple Truss 
No. 2, 



wV 
'"U~ 



wl'af 



wl'p 



wl'p' 
A<Uxai' 



-S?+S&,--(2<'«) 



ir». Example. — Let Fig. (66) represent a triangula 
truss of the character described, in which 
I = 240 feet, tlie length of the truss, 
/' = 123.69 feet, the length of each section of thi 

lower chord, 
(f = 30 feet, the depth of the truss at the centre, 
^ = 10 feet, the horizontal length of a panel, 
w = 300 tons, the full uniform load. 
The equations obtained above will apply to and give 
the strains in every member of the truss, except the two 
central horizontal chord-members. A part of the hori- 
zontal strain which the equation gives as belonging to 
them is taken by the inclined strut The amount of 
horizontal strain in this strut may be obtained from its 
vertical strain by the proportion of the vertical to the 
horizontal extent of the strut It is then to be deducted 
from the amount of strain obtained from the equatioDj 
applicable to the horizontal member. 

This change is owing to the uniformity of the i 
(on which the equations were based) being broken by t 
inclination of the strut. 

The following table gives the strains in the horizon- ' ' 
tal chord members : 



ducted 
uatiom^H 

: tro^H 
bytlH 

jrizon- ' * 



1 
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1 


ViloM o( I in 
Bq. (367). 


Values of z* 

la Eq. (358). 


Strain, in Ton.. 






20 




575. 


DC'. CB . BA 




30 


&U.67 


DE4ED 


M 




516.87 


EF & F'E' 




ISO 


4d0. 


PQ & OF 


60 




405 


OH & HO' 




70 


439.14 


HI & I'H' 


80 




414.29 


IK & Kl ■ 




BO 


38S.8S 


KL & LK- 


100 




863.89 


LM * M'L' 




110 


835.01 


MS & NM' 




The following table gives the tension in tlie lower 
chord members : 






Eq. (288). 


Values of x 
in Eq. (a«5). 


Strains in Tons. 


Tension in 


1 

1 


10 




583.65 


Ab & b'A' 




30 


558.26 


1>C & c b' 


30 




532.48 


cd & d c' 




40 


G04.9S 


de & «d' 


BO 




470.15 


el & ( e' 




60 


433.03 


tg&sf 


70 




427.81 


gh&h'g' 




80 


400.00 


hi Si I'V 


M 




374.80 


lit & k'i' 




100 


348.44 


kl & Ik' 


no 




322.94 


ImAmT 




^^^^^ 


ri 



} 
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The following table gives the strains in the braces : 



Yalaes of x in 
£q. (259). 


20 


40 


60 


80 


100 




Strains in Tons. 


25.78 


27.95 


29.47 


85.86 


40.02 




Tension in 


cE& 
R'c' 


eG& 
G'e' 


gl& 


L'l' 


1N& 
NT 




Values of a; in 
Eq. (260). 


20 


40 


60 


80 


100 


120 


Strains in Tons. 


12.5 


18.75 


25 


81.25 


87J5 


87.5 


Compression in 


Cc& 
C'c' 


Ee& 
EV 


Gg& 

G'g' 


II & 
l'l' 


L1& 
LT 


Nn& 
N'n' 


Yalnes of a? in 
£q. (261). 


10 


80 


50 


70 


90 




Strains in Tons. 


88.58 


28.45 


80.82 


88.74 


88.00 


• 


Tension in 


D'b' 


dF& 
Fd' 


fH& 
H'f 


bE& 
K'h' 


Km& 

M'k' 




Values of x in 
Eq. (262). 


10 


80 


50 


70 


90 


110 


Strains in Tons. 


12.5 


16.67 


22.5 


28.57 


84.61 


48.13 


Compression in 


Bb& 
B'b' 


Dd' 


Ff& 
FT 


Hh& 
H'h' 


Kk& 

Kk' 


Mn& 



The strain determined from the equations being 
multiplied by the secant of the angle of the brace to 
which it is applied. 
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CASE m.— A DOUBLE THDSS WITH INCLINED STRUTS AND 
TIES. 



S P O H I K L U N H' L- E' T' 



an^^ 



m 



Pig. 67. 
1T6. — This truss may be divided and numbered as in 
the last case. 
Jjct I = the length of the truss, 

I' = the length of each half of the lower chord, 

d — the depth at the centre, 

p = the horizontal length of a panel, 

w ~ the maximum weight, uniformly distributed. 

I7r. HorizoDtal Strains. — The moments of the load 
, on any segment of the simple trusses are the same as in 
I Case II., Chap. V. Hence, taking moments around any 
I panel point of Simple Truss No. 1, in the lower chord, 
[ distant horizontally x from the nearest abutment, we 
r bare 



(267) 



Similarly, from moments of Simple Truss No. 2, we 




(268) 
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The strain in the upper or horizontal chord on the 
abutment side of the point to which w is measured equals 
the strain at x, added to the strain at 0/, when af =^w 
—p ; therefore, making a/ = x — p, and adding Eqa 
(268) and (267), we have 

4d 4d^ Sd Sdx ^ ^ 

Again, making x=^ x* — J9, and then adding the 
equations, we obtain for the horizontal strain in the 
members on the abutment side of the point to which a/ 
is measured, 

^d 4d ^Sd Sd(a/-p) ^ ' 

17§. ifongltadlnal Strains.— Taking moments around 
any panel point of No. 1, in the horizontal chord, we 
have 

rdx^^wx ws? 

T~T IT' 

whence 

the tension in the lower chord. 
And for No. 2, 

Make x* =^ x --^p^ and adding, we have 
j^^wV _wlfx _wl[px ^ ^ .2 3^ 
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lor the stnuQ in any lower chord member whose centre 
end is opposite any upper-chord panel point of Na l, 
distant x from the abutment 

Make x = x' -^p^ add, and we have 

j.^trj_t£i;^ 2f!?^ i^ ^ ,274) 

^23 2(U^ 4dl ^W^ ^ ^ 

i,oT any lower-chord member whose centre end is oppo- 
site, or vertically beneath, a panel point of No. 2 distant 
of from the abutment. 



ITS. Tertlcal Strains.— Let Fig. (68) represent a seg- 
ment of Simple Truss No. 1 ; 





V 7 ^^ 


\ • / 


!\ X ^o*"^^ 


\ 1 / 


V-^"^ 


\ / 

\ / 


U-T 


^X'^C 


> 



Fig. OS, 

then from moments around d, 

and from moments around e, 

H' = !^-!£^. .... (2';6) 

Sd Sd ^ ' 



Tbdr differoicei 



H-H' = S(«'-(r') + 



wp 



%d^ ' Bdw' 

is the horizontal component of the compression in bd. 



1 
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Its vertical component, from the proportion f or 

x — x: -=-, 18 
If 

V -42+lu' C277) 

for the vertical component of the strain in the strata of 
No. 1, X heing the horizontal distance to their lower 
ends. 

From moments around e, 

H=^-S'- (278) 

From moments around i, 
H' = ^-^f-^. . . . (279) 

Subtracting, we obtain, as before, 

Y-_ ^ wp 

If Tr 

for the vertical component of the strain in the ties of 
No. 1, a/ being the horizontal distance to their lower 
ends. 

For Simple Truss No. 2, by a similar process we ob- 
tain 

^=^+s^iy ■ • ■ « 

for the vertical component of the strain in the stru^ d? 
being the horizontal distance to their lower ends ; and 
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' the vertical component of the strain in the ties, a/ 
ng the horizontal distance of their lower ends. 

180. Esampie. — Let Fig, 67 represent a truss in which 
I = 240 feet, the length of the truss, 
I' = 123.69 feet, the length of each section of the 

lower chord, 
d := SO feet, the depth of tlie truss at the centre, 
p = 10 feet, the horizontal extent of a panel, 
10= 300 tons, the full uniform load. 
Substituting these values in the above equations, we 
obtain the following table of strains for the different 
I values of X and x' : 



BtrmlDK Id 
Tods. 


Compresalon in 


StmiDB in 
Tons. 


TaDBion in 


575. 


AB k A'B' 


593.00 


Ab 4 A'b' 


5S0 


BC & B'C 


538.33 


be 4 be' 


S3S.88 


CDiCD' 


nss.iG 


ed & cd' 


008.83 


0E k D'E' 


505.00 


de 4 d'e' 


4S6 


EF & E'F 


4':9.14 


e( & bT 


460 


FG & F'G- 


452.78 


fgAfg' 


436.73 


an 4 Q'H' 


426.8 


ghftg^li' 


410.73 


HI&HT 


400.S4 


lii 4 hi- 


as65i 


[K i I K- 


374.8 


ik 4 i'k' 


301.11 


KL & K'V 


840.03 


kl & kT 


336.36 


I,M 4 L'M' 


832.94 


Im 4 rm- 


811.38 


MS 4 M N' 
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The following is a table of the strains in the braces: 



Strains in 
Tona. 


Compreasion in 


Strains in 
Tons. 


Tension in 


27.95 


Be&BV 


1 




20.83 


Cd&Cd' 


9.8S 


Dc&D'c' 


28.57 


De & D V 


10.41 


Ed & E'd' 


24.0t 


BfftBT 


14.14 


Fe a F-e' 


.27.04 


Fg & Fg' 


16.01 


Gf a GT 


28.79 


Gh & G'h' 


19.82 


Hg a H'g 


81.94 


Hi & HI' 


21.68 


Ih & IV 


84.19 


Ik k Ik' 


24.84 


Ei a Kl' 


86.90 


Kl & K'l' 


27.85 


LkaL'k' 


89.90 


Lm & L'm' 


• 

80.60 


Ml a Ml' 


48.13 


Mn & M'n 


88.25 


Nm a Nm' 


75 


Nn 
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CHAPTER IX 

BOW-STRISO TRUSSES. 

191.— A Bow-String Truss has one curved and one 
■*tr«ght chord, the former meeting the latter at the 
abutments, and conveying to it the whole of its hori- 
2ontal thrust, so that the reaction of the abutment is 
entirely vertical. The curved chord may be of any 
curvature, and on this depends to a great extent the 
amount of strain to which it will be subject The chorda 
are also connected by braces. 



189. Parabolic Bow>Sirlng Truitici. — Let Fig. 69, 

4^ 




Fig. G9. 

ADB represent the chords of a Parabolic Bow-String 
Truss, the braces being removed, whose arc, ADB, is 
the segment of a parabola, with the vertex at D. Let 
the chord AB receive the whole horizontal thrust of the 
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arc, so that the abutments, A and B, receive only a 
downward vertical thrust from the truss and its load. 
Let I = the length of the horizontal chord, AB, 

d = the depth of the truss at the centre, DC, being 

always the versed sine of the arc, 
w = the weight, uniformly distributed per unit of 

the horizontal chord, AB, 
w = the horizontal distance of any point from one 

abutment, 
y = the vertical distance between the chord and 

arc at w, 
L = the longitudinal strain in the arc, 
H = the horizontal strain in the chord, 
V = the vertical strain or vertical component of a 

strain. 

l§3. Ifongttadliial Strains. — Disregarding the braces, 
and taking moments around any point, a, distant x from 
the abutment B, in a vertical plane cutting no inclined 
braces, we have 

L(ao)=---!^'=!^|z:^), . - (281) 

— being the moment of the reaction of the abutment., 

and --— the moment of the load on x. The strain L at 

6 is a thrust in the line of the tangent at that point ; let 
If be that tangent, then ac is its perpendicular distance 
from a, and L X {ac) is the moment of the longitudinal 
strain at h. 



THE STRENGTH OF BBIDGBS AKB BOOFS. 241 

Let D be the origin of the axes to which the parabola 
is referred, and we have from the equation of the para- 
bola, 

?. = 2nJ, 
4 

or 2/1, the parameter, = —=. 

4a 

Again, from the equation of the parabola, 

" ^ = "^^ — "')' - - • - (282) 
and 

y^^Ml-<c) .... (283) 

The angle olbc being equal to the angle hfe^ in the 
similar triangles dbc and hef^ 

fb :be :: oJ : ac^ 
or let ^ = tangent fbj and we have 

t : -- — X :: y : ac; 

whence 

I 



(2--% 



ac = 



t 



Sabstitating this, and the value of cc (Z — x) of Eq 
(282) in Eq. (281), we have 

(J_a;)y 
18 
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whence, 

for the longitudinal strain in the arc at any point distant 
X horizontally from the abutment Moving from any 
point towards the nearest abutment, t, the tangent, in- 
creases more rapidly than ~. — a?, and consequently the 

longitudinal strain becomes the greatest at the abut- 
ment; moving from the abutment the strain decreases 

until we reach the centre, where i = ^ aJ, when 

^-t <^«*> 

In the case of a truss of this form, .the limits of x 
are and 2, since the uniformity of the truss is not 
broken as in the triangular truss. 

1§4« Horizontal Strains. — Taking moments around 
the point 6, we have for the strain in the horizontal 
chord, 

Substituting the value of a;(Z — x)m Eq. (282) we 
obtain 

and 
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s xmiform strain throughout the chord and equal to the 
longitudinal strain in the arc at the centre ; and since 
it is subject to no increase nor decrease throughout its 
length, there can be no horizontal strain in the braces, 
or no inclined braces are required under a uniform load. 
The load may rest upon the arc, or be suspended from 
it hy ties, and still fulfil the conditions upon which the 
equations are based. 



185. — In practice the arc ia composed of a number of 
straight members, whose points of intersection are in the 
curve. In Fig. 70, let tlie arc be divided into a number 




of short straight members by the division of the truss 
into an even number of panels of equal horizontal 
length, and let the load be considered as concentrated in 
equal amounts at the panel points. Then the moments 
of the abutment reaction, and of the load on the segment 
CO remain the same ; but Ij, the longitudinal strain, is 
now in the line of the arc member, instead of in the line 
of the tangent to the curve at the point x. The value 
of y, in Eq. (283), remains the same, because x is always 
measured to the panel ends, at which points the truss 
intersects the curve of the parabola. 



^^ intersec 
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In Fig. 70 let moments be taken around a ; then, as 
before, 

Lx(ac)=^(«-<r), 

and from similar triangles, 

hg : gh :: y : ac. 

Let gh =^, the horizontal length of a panel, and j/ 
equal the length of the chord member bg ; whence, sub- 
stituting the value of y, Eq. (283), we have 



whence. 



then, 



y:^::iMzi£):ac, 






T ^dpx(l — x)_ tox(l — x) . 
whence 

^=^1 • (^') 

An equation in which we have but one variable p\ 

and entirely independent of the values of x^ and which 

shows that the longitudinal strain in any arc meTnber is 

to the horizontal chord strain as the length of that mem^ 

.ber is to its horizontal extent. 

The horizontal chord strain is not affected by the 
division of the truss into panels. 

In Fig. (70) the truss is divided into an even num- 
ber of panels, and (2, the depth of the truss at the centre. 



I 
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ia also the distance of the vertex of the parabola above 
the horizontal chorcl, or the versed size of the arc. If, 
however, the truss be divided into an odd number of 
panels, then d, in all the previous equations, is no longer 
the depth of the truss at the centre, because, at that 
point, the carve passes outside the truss. Hence it will 
be seen that d is the versed sine of the arc, and not 
always the depth of the truss. 

1S6. The Horizontal Component of the Lougllndtnal 
op Arc Siraln.— Tlie horizontal component of the longi 
tudinal strain in any member is from the proportion 

, . .. it^ip' . tvl 
^ ^ 8dp Bd' 

a constant throughout the arc, and equal to the horizon- 
tal strain in the lower chord. 

1»T. The Terltcal Component of the I>ongltndtnal 
siralo, — Let y be the vertical distance of the upper end 
of an arc member, and y' the vertical distance of the 
lower end of the same member above the lower chord. 
Then subtracting from the value of y, Eq. (283), at rr, 
the value of y' at x — p, we have, after reduction, 

y_,j.^iMtzl!^±P), . - (288) 

the vertical extent of any arc member whose centre end 
ia distant x from the nearest abutment, and from the 
proportion of its length to this vertical extent, we have 

,. Adp{l—'ix+p) ..wlp' . y _ w wr , wp (289) 

^ ' £• " 6dp' 2 I ^'2P ^ ^ 

the vertical component of the strain in the arc member. 
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Whence it will be seeu that the strain in each arc 
member is the res^lti^nt of all the vertical strain or 
weight that comes upon the truss between it and the 
centre, the whole weight concentrated upon its own cen- 
tre end included, and the constant horizontal chord 
strain. 

188. Strains flrom a Partial Lroad — Eionffitadtaial 

Strains. — ^Let v/ represent the weight of a full uniform 
load of equal density with the partial load, and let the 
load extend from one abutment a distance equal to Z — u% 
(let the truss be divided as before into panels of equal 
horizontal length, and let u be measured to the centre of 

a panel). From the principles of the lever, — ZL i* 

the vertical reaction of the unloaded abutment; then, 
taking moments around a point in the horizontal chord 
in the unloaded part, x being less than v, we have, 



But 



Lx(ac) = !^^ — L. 



^ ^ ^dpxq, — or) 



Vp' ' 

an equation evidently greatest when x is greatest, or ap- 
proaches w, or at the end of the load. If Z — a? be made 
= Z — u^ 
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less than Eq. (285), or at any point the longitudinal 
strain from a partial load is less than the strain from 
the full load. 

IM. Horizontal §traiiuflroiii a Partial Eioad. — If mo- 
ments be taken around any panel point in the arc in the 
unloaded part, x being less than u^ 

and by substituting value of y, Eq. (283), 



Sd(l - x) ' 



(292) 



which is also greatest at the end of the load, and, at any 
pointi less than the strain from a full load. 

If either this strain, or L, the longitudinal strain, be 
taken at any point under the load, it will be found to be 
less than the strain at the same point from a full load. 

Eq. (292) varies with the different values of a?, and 
consequently its changes must be taken or caused by 
inclined braces. 




Rg.Tl. 



Let abed. Fig. (71), represent a panel in the un- 
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loaded part of a parabolic bow-string trass, and let x be 
the distance from the right or unloaded abutmrat to c^ 
and of the distance from the same abutment to c ; then, 

Sd(l - x) 
is the horizontal strain at dj and 

Sd{l — x') 

is the strain at c; now, since the horizontal chord is 
subject to tension, and the strain at c is greater than the 
strain at df, c& is a tie, and ac and bd struts. 

190. Tertlcal Strains tn the Braces flrom the Partial 

i^oad.— The horizontal component of the strain in &c is 
consequently H' — H, and its vertical component may 
be found from the proportion 

cd : bdj or, y : of —x. 

Subtracting H'— H, and putting for y its value, 
Eq. (283), we have, 

,_^. id^(l — x) .. w'jl - uYjx' - x) . ^ 

r •• 8d{l — x'){l-af) 

^w'x{l-uy ,293. 

2r{i -X') ^ ^ 

In the case of a simple truss, or truss with but one 
system of braces, it was shown (54) that the reaction 
of the unloaded abutment does not equal the true amount 
of vertical strain in the brace at the end of the load, but 
that it is given by (Eq. 35), 



./-««>^« 



«. __ wnp 
^ "■ 2Z(i —p) 
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In Fig. (71) a! is the horizontal distance from the 
feutment towards which the tie leans to the horizontal 
chord end of the tie, and x the horizontal distance from 
the same abutment to the arc end of the same tie. 
Therefore n, in Eq. (35), that is, the number of loaded 
panel points in {/ — u) of Eq. (293), is equal to 

^=~^ and ,*tleu,ing ^^ fo. ^^^^ in 

Eq. (293), in place of n', its value just given, and for ar', 
its value, x-\-p, we have, 

V = w'(? — tr — ?j)Vp ^ w'{l — x—p).v ,294\ 

2l{l~p){t-a;~p) 2l{l—p) ' *■ ' 

ior the greatest vertical strain in any tie whose arc end 
i distant x, measured horizontally, from the abutment 
towards which the tie leans; which strain results solely 
^frora the moving load, 

^k Under the effects of the moving load the vertical 

^pSraces act as struts, and the greatest strain upon any 

one — bd, for example, in Fig. (71) — is when the panel 

point d is outside of the load, or when the tie ch is sub- 

^Mect to its greatest tension. Then the strain in bd is 

^H^ual to the vertical component of the strain in de, which 

^^nay be determined from Eq. (293), x' and x being the 

distances to d andy! But (54) the panel point c cannot 

be fully loaded without a certain portion of the load 

coming upon the point d, which can cause no strain in 

; hence, as before, we must substitute — ^ — ^-^ for 






re- ")- 
it 



and 3/ being tlie distance of tlie vertical brace 
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from the abutment, n = £, x^id -^jp, whence 



(295) 



2r(f— 0?') 2/(/_p)(i_a/) ' 

is the compression in the vertical brace distant oi from 
the abutment, from the moving load V)\ 

From this is to be deducted the tension caused by 
the permanent load. 



CASE L— A SINGLE TRUSS, WTTH VERTICAL AND INCLINED 
BRACES. 

191. Example I.— Upper Chord Arched.— In Fig. (72)| 



(jHl K LMNo 




Let ; 

d 

P 



w = 



Fig. 72. 



200 feet, the length of the truss, 

25 feet, the depth of the truss at the centre, 

10 feet, the length of a panel, 

200 tons, the weight of the full movable 

load, 
100 tons, the permanent truss weight. 



Eq. (286), by substituting the values of the con- 
stants, becomes 

H =t:±J^ = (200 + 100) X 200 ^ 30(j 

Sd 200 ^ 

the maximum tension throughout the length of the 

horizontal chord. 
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SimUarly Eq. (285) becomes 
L = 30^'. 

Substituting the different values of ^', or the lengths 
of the different arc-members, we can form the following 
table of strains in the upper or arched chord. The 
length of any arc-raember is evidently the square root of 
the sum of the squares of the horizontal length of the 
panel and of the difference in height of the two ends of 
the arc-member. 



Values of p'. 


StrainB in Tona, 


Compresalon in 


11.07 


332,1 


ABAUV 


10.91 


327-8 


BCiTD 


10.C8 


820.4 


CD AST 


10.51 


315.3 


DEiRS 


10.37 


311.1 


EFftQB 


10.25 


307.5 


FQ4PQ 


10.15 


304.5 


GH&OP 


10.07 


802-1 


HI&KP 


10.03 


300.9 


IKiMX 


10.00 


300 


EL 4 LM 



1 
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When the trass is fully loaded, all the weight, except 
that of the arc, is borne by the vertical braces ; if we 
assume that the weight of the arc, or the weight imme- 
diately upon it, is one-third of the permanent truss load, 

* 

then, when the truss is fully loaded, — ^ + ^ is the 

amount of tension upon each vertical brace. Substitu- 
ting the values above, we have, 

200XiO 2X100X10 = 13,33 , 
200 71 3X200 ^ 

for the maximum tension in each vertical brace. 

The tension from the permanent truss load is -^, 

or 3.33 tons, which is to be deducted from the compres- 
sion caused by the moving load; The vertical differ from 
the inclined braces in one respect : those of the latter, 
leaning in one direction, are affected only when the load 
is moving in the direction in which their arc ends are 
inclined ; while the former are subject to strains from a 
load in either direction, and the greatest compression 
upcn them is when the load covers more than half the 

truss ; or when x', in Eq. (296), does not exceed — * 

Substituting the values of the constants in Eq. (295) 
it becomes 

380(200 - a?') ' 
whence, deducting the constant tension of 3.33 tons, we 
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have the following table of maximum compressions in 
the vertical braces : 



Valaes of «'. 


Strains in Tons. 


Compression in 


20 


1.19 


Cc&Tt 


80 


4.60 


Dd&Ss 


40 


7.77 


Eo&Rr 


60 


10.43 


Ff &Qq 


60 


12.65 


Qg &Pp 


70 


14.16 


Hh&Oo 


80 


16.22 


n&Nn 


90 


16.88 


Ek & Mm 


100 


16.85 


LI 



There is no compression in Bb and Uu. 
Substituting values in Eq. (294) it becomes 

y _ (90 — a?)Vp 
16000 — 160a? ' 

whence, multiplying the vertical strains obtained there- 
from by the secants of the tie angles, we have the fol- 
lowing table of tensions in ties from the moving load 
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Valaes of x. 


StndxiB in Tonn. 


TeliBionin 


10 


11.06 


tU&Bo 


80 


18.87 


8T4Cd 


80 


16.06 


rS&De 


40 


18.68 


qB&Ef 


00 


80.87 


pQ&Fg 


60 


22.74 


oP&Gh 


70 


24.15 


nO&Hi 


80 


25.00 


mNftIk 


90 


25.54 

• 


IM&Kl 


100 


25.51 


kL&Ijin 


110 


24.97 


iK&Mn 


120 


,23.95 


hl&No 


130 


22.48 


gHftOp 


140 


20.40 


fG&Pq 


150 


17.89 


eF&Qr 


100 


14.89 


dE& Bfl 


170 


11.87 


cD&St 


180 


7.08 


bC&Tu 
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IIW. Kxamtile IL-The Lower Chord Arched— Id 

Fig. (73), 

Fiff. 73. 

Let 1 = 90 feet, the length of the truss, 
rf = 8.1 feet, the versed sine of the arc, 
^ = 10 feet, the length of a panel, 
tv' = 90 tons, the weight of the full uniform 

movable load, 
w = 45 tons, the weight of the permanent truss 
load. 
The inversion of the arc results in many practical 
^vantages; the longer chord becomes subject to ten- 
sion, the shorter to compression, and the vertical braces 
to only one kind of strain, while the transverse bracing, 
to prevent flexure in the truss, does not interfere with 
the necessary headway. 
^K For the compression in the horizontal chord we have 
Bq. (285), 

It 



H = 



187.5 tons. 



For the tension in the arc we have Eq. (286), 
L = 18.75/, 
lience the following table for the different values oip': 



m 


ValoMofp'. 


10 


10.01 


10.03 


10.05 




StnUna In Tods. 


187.S 


187.8 


188.1 


168.4 


. 


de.efftfff 


cd&Bh 


tre&lil 


Ab&ik 


1 


u 


H 


■■ 


B 


M 


J 
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It will be readily seen that Eq. (299) becomes in this 



case. 



2l\l^x) ' 



(296) 



where of is the distance, measured horizontally, from the 
abutment to the arc, or farthest end of the inclined tie. 
Making the change required, as explained in (54) for 
simple trusses, n of Eq. (35), the number of loaded panel 

points in ? — u^ is equal to -^ — , anda7=a?' — jp, whence 



P 



Eq. (296) becomes 



_ w\l—xyaf 
2l{l—p){L-x'+py 



(297) 



Substituting the values given above, we have, 

y _ (90 - xyaf 
16000 — 160 0?'' 

Multiplying the vertical strains obtained for the dif- 
ferent values of a:' by the secants of the angles, we form 
the following table of maximum tension in the ties. 



Values of x. 


20 


80 


40 


50 


60 


70 


80 


Straina in Tons. 


15.78 


16.40 


16.67 


16.00 


12.09 


11.99 


7.98 


Tension in 


lil& 
cB 


dC 


fG& 
eD 


eF& 
fE 


dE& 


hG 


iH 



Assuming, as in the last example, that one-third of 
the permanent truss load is borne directly by the arc, 
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we have for the compresaioa upon the vertical struts 
from the truss fully loaded, ^ _j_ ^ = 13,33 tons. 

The greatest compreasion upon these struts from the 
maximum moving load is when the tics to whose upper 
ends they are attached are subject to the greatest ten- 
sion. This is given by Eq. (297), but the difference be- 
tween this equation and Eq. (296) is also borne by the 
struts ; hence Eq. (296) gives the total compression in 
the strata from the moving load. In this equation x is 
the distance from the abutment to the strut, w' = x +p, 

id u ^ X -\- ^. Substituting these values, we have, 



fd « — 



v/(x+p){l^x- 



. (j + 10)(85-ir)' 
180(90 — x) ' 



2i:-(i-x) 

The greatest compression upon any strut is when x 

of this equation is less than — : that is, when the truss is 

more than half loaded. Adding 3.33 tons to the above, 
we have the following table ; 



V.luea ot *. 




SO 


30 


40 


Btrains In Tons. 


18.33 


13.39 


14J53 


14.78 




Bb&li 


Cc& HL 


DdiOg 


Ee&Ft 



The greatest compression in Bb and li is from the 
iiill load. 
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CASK IL— A COHPOtrHD TBUSS, WITH VEBTICAL AND IB> 

CLINED BBA0B9. 



IM.— In Fig. (74), 






v.. 



■'t,'. 



b cd ©ffith Ik Imno p q r b t n f 8' r* q' p' o'n'm' 1' k' i' h's* r e' d'C bSH 
lS81S81S81S81881BS18S18818S18tlSt 13 « 1 

Pig. 74. 



Let I 

d 






152 metres, the length of the truss, 

20 metres, the depth of the truss at the 

centre, 
4 metres, the length of a panel, or distance 

between the vertical braces, 
500 tons, the maximum movable load, 
500 tons, the permanent truss weight. 



Under the full load this truss does not differ from 
the previous cases, and Eqs. (286) and (287) give the 
chord strains. Therefore, 



H = 



wl 1000x152 



Sd 



8x20 



= 950 tons. 



is the tension throughout the horizontal chord ; and 

Multiplying by the different values of jp''^ or lengtlis 
of the arc-members, we have the following table of com- 
pressions in the arc : 



1 
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r 

p 

e 




T&laeil of p'. 


Strains In Tona. 


Compn^ioQ in 


1.40 


10OO.S» 


AB & B'A' 


4.44 


10MJ5 


BC A C'B' 


4.3a 


1043,08 


CD A DC 


4.&4 


1030.75 


DE & ED' 




4S0 


1031.25 


EF k E'F- 


■ 


457 


1014.13 


FQ it FQ' 


4.23 


1004,03 


GUiG'U' 


4.19 


BB5.13 


ni tt nv 


4.16 


om 


IK AST 


1 


4.14 


083.35 


EI. 4 L'K' 


1 


4.11 


978.13 


LM4ML' 


4.08 


DGO 


MS & NM' 


4.oe 


964.25 


NO & ON' 


4.05 


901.88 


OP Sl P'O' 


4.03 


957.13 


PQ & QT' 


4.03 


954.75 


QR Sc R-q- 


4.01 


952.38 


BS & S H' 


4.00 


9S0 


ST i TS- 


4.00 


S50 


TD & U T' 


i 


Under the moving load we have three systems o 
braces acting independently of each other, as in th 
cases of the horizontal triple trusses. We will numbe 
these systems, or simple tnisses, as Nos, 1, 2, and i 
their horizontal chord panel points being numbered i 
the figure. Eq. (293) gives the vertical component of th 
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« 

tensions in the inclined ties in either of these simple 
trusses when ' ~ ' of that equation representing the 

unloaded abutment reaction in a simple truss is changed 
to the amount of the abutment reaction upon each of 
these simple trusses. 

In Simple Truss No. 1, which has a panel point next 
the abutment) the reaction of the farther abutment is 

rL, as explained before. Eq. (293) therefore 

61 

becomes 

* 

V = ii_. - . (298) 

In this equation x is the distance to the arc end of 
the tie (from the abutment towards which the tie in- 
clines), a?' to the chord end, and equal to a? + 3p, and u 

is equal to a? + -^. Substituting these values, Eq. (298) 
may be reduced to this form : 

6V\ l — x—Zpl ^ ^ 

Inserting the constants in this equation we obtain 
for the differwt values of x the vertical components of 
the tensioijiP in the inclined braces, which, multiplied by 
their secants, give the following table : 
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Values of x. 


Strains in Tons. 


Tension in 


4 


16.75 


Be & Be' 


16 


20.12 


Eh & Eh' 


28 


20.88 


HI & WV 


40 


22.20 


Lo & L'o' 


62 


25.15 


Or & V 


64 


26.89 


Ra & R'u 


76 


26.84 


Ur' & Ur 


88 


26.46 


R'o' & Ro 


100 


26.47 


OT&Ol 


113 


23.81 


L'h' & Lh 


124 


22.86 


He' & He 


184 


27.51 


EV & Eb 



If we assume that one-balf of the permanent truss 
weight is borne directly by the arc, we shall have for 
the maximum tension upon each vertical brace, occurring 
when the truss is fully loaded, 

^ + ^= 19.74 tons ; 
^md for the tension from the permanent truss weight, 



wp 



= 6.58 tons. 



262 



A TREATISE ON 



The greatest compression upon these braces is, as 
explained before, when they are outside the load ex- 
tending from one abutment and covering the next panel 
point of the simple truss to which they belong. 

This strain is given by Eq. (298), where, if a?' be the 
distance from the unloaded abutment to any vertical 

brace, x = a/— 3p, and u = a?'+ -^ Substituting these 

values, Eq. (298) becomes, 

^^ ^ ^ . (300) 

Subtracting the tension from the permanent weight from 
this equation, we obtain the table below of the maxi- 
mum compressions. This equation is greater when a;' is 

greater than — , or when the load covers less than half 

It 

the truss, and for any value of a/ greater than 124, or 
less than 28, the compression from the moving load is 
less than the constant tension. 



w 



V = 



Values of x. 


124 


112 


100 


, 88 


76 


Strains in Tons. 


0.65 


3.81 


6.88f 


7.74 


8.S0 


Compression in 


mi&HTi' 


LI & LT 


Oo & O'o' 


Rr&RV 


Ua 



Eq. (299) will also give the vertical strain in the in- 
clined braces of Simple Truss No. 2. Simple Trass 
No. 1, in this example, is the same if the load enter at 
either end of the truss ; the other simple trusses diflTer. 
As the equations depend upon the simple truss panel at 

13 
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that abutment from which the load extends, it will be ^M 
seen that that equation which applies to the inclined ^| 
braces from the points numbered 2 in the figure when ^H 
the load ia moving from the left to the right, also applies ^| 
to the inclined braces from the points numbered 3 when ^| 
the load moves in the opposite direction. Substituting ^M 
values in Eq. (299), and multiplying by the secants of H 
the tie angles, wc have the following table : ^M 


1 

1 


Yalnos of x. 


StniDS in Ton*. 


Tension in 




133 


34,34 


Fc & Fo' 


130 


24.71 


If & rr 


108 


34,M 


Ml&M'l' 


00 


35.88 


Pm & Fm' 


B4 


30.71 


Sp & 8'p' 


71 


28.78 


T'a &, Th- 


80 


25.03 


Q't' & Qt 


4S 


25.09 


NV & Nq 


3S 


23.51 


Kn' & Kn 


34 


30,03 


Q'k' & Qk 


13 


17.78 


Dg' & Dg 


1 


In Simple Truss No. 3, when the load is passing t 
81 
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the right, or that simple truss whose panel point is 3p 
from the abutment, Eq. (293) becomes, 



v= 



(301) 



As before, a is the distance from the abutment to 

the arc end of the tie, u = x + —^ and of = x + Sp; 

whence Eq. (301) reduces to, 

^^w'x{l-x) .... (302) 

of 

When the load is moving to the right this equation 
applies to the inclined braces from the points numbered 
3, and to the inclined braces from the points numbered 2 
when the load moves in the opposite direction. 

Substituting values in Eq. (302), and multiplying by 
the secants of the tie angles, we have the following table : 



Values of x. 


Strains in Tons. 


Tension in 


128 


20.01 


Gd & Q'd! 


116 


22.47 


Kg & Kg' 


104 


23.58 


Nk&N'k' 


92 


25.49 


Qn & Q'n' 


80 


26.55 


Tq & rq' 


68 


26.50 


St & St' 


66 


25.57 


P's' & Pb 


44 


24.01 


M'p' & Mp 


82 


21.67 


I'm' & Im 


20 


19.18 


Fi'&Pi 


8 


16.83 


C'f &Cf 
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The vertical braces at the points numbered 2 are 
subject to different strains as the load moves to the right 
or left. The same is true of the vertical braces at the 
points numbered 3. The maximum compression upon 
one system of points, when the load is moving in one 
direction, is the same as that upon the other when it is 
moving in the opposite direction. If the load be mov- 
ing to the right, the maximum compression is upon the 
verticals at the points 2, 2, etc, ; and if to the left, upon 
the verticals at the points 3, 3, etc., by Eq. (300), from 
which we form the following table, tlie permanent load 
upon the horizontal chord being deducted. 



Valuea o( r. 


86 


IS 


60 


73 


84 


06 


108 


120 


StniDs in Toub. 


2.45 


6.32 


7.33 


8.23 


8.08 


0.92 


4.58 


1.B3 






N'n' 


Qq& 


TV 


Ha 


%^ 


Mm 


11 



»| The compression in Dd, Gg, G'g', and D'd' is less 
than the tension from the permanent load. The com- 
pression upon the verticals at the points 3, 3, etc., when 
the load moves to the right, or upon the verticals at 
2, 2, etc., when to the left, may be determined from 
Eq. (302), as Eq. (300) was obtained from Eq. (298), and 
be found to be less than that given above. 



CASE lU. — A Smi-LE TRUSS, WITH ALL TBX BBAOB V- 
CLINED, AND HAVING EQUAL HORIZONTAL EXTZST. 

194. — It is only when the intensity of the load 
uniform horizontally upon the arc, or concentrated, i; 
suspended by vertical ties in equal amounts, at poiTit- 
equidiatant horizontolly, that the strain iu the h^ri 
zoDtal chord is uniform throughout its length, and 
tlie strain in any arc-member is equal to the hori- 
zontal strain divided by the uniform panel lengih and 
multiplied by the length of that are-member. This 
ia evident when we consider that a brace can transmit 
only a longitudinal strain, and that consequently the 
strain in an inclined brace must have a horizontal u 
well as a vertical component. 

Tlie proportion of these components to each ol 
depends on the inclination of the brace. If each bri 
in Fig. (75) be assumed to support a half panel loaJ, 
then the horizontal component of its strain varies with 
the inclination of the brace, and the strain in the hori- 
zontal chord cannot remain uniform. If the horizontal 
components be equal in all the braces, then each 
cannot support the same amount of weight. 







195. — Let Fig. (75) represent a Bow-String Truss, 
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with a single system of inclined brace3 of uniform hori- 
zontal extent, the lower chord-points being in the curve 
of a parabola, as before ; 

liCt I = the horizontal length of the tru83, 

d = the versed sine of the curve at the centre, 
p — the length of the panels on the horizontal 

chord, 
j/ = the length of an arc-member, 
Iff = the maximum load, permanent and movable, 
w = the horizontal distance of any panel point 

from one abutment ; 
y = the vertical distance of any lower or arc 

chord panel point from the horizontal 

chord. 



In the investigation of the chord strains zv will be 
considered as concentrated at the horizontal chord panel 
points. 

196. Horizontal Cbord Stmini. — Taking moments 
around any panel point in the arc, distant x from the 
abutment, we have, 
I TT wj: U'x' wp' 

— - + -^ being the moment of the load on the segment 
21 81 ° ° 



, and since 
H 



wl 



^ '-, we have, 

wp'l 



Sd $2dx{l~a)) 



(303) 
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for the strain in any horizontal chord-member whott 
centre is distant x from the abutment 

197. Itonyltadlnal Are Straini. — ^If moments be taken 

around any point in the horizontal chord, distant fl? from 
the abutment, 

^l^r"]y 2 -21' ^^^^ 

j/ and y being the vertical dist^ces of the two ends of 
the arc-member opposite the point x from the horizoDtal 

chord. Since y' is measured at a; + ^, and v at x — ^, 

^ 2 2 

.Y+y- 4%+f)(?-(g-|)+Ma:.^)(;-a,+|) 

• 2 - 2? • 



Ad(lx—x'—^) 



Substituting this in Eq. (304) we obtain, 



(wl , wlf 



32J«a?— a;*— -^ 

4 



Y-. ■ ■ .(305) 



for the strain in any arc-member whose centre is distant 
horizontally x from the abutment. 

198. Tertlcal Stralni In tlie Braoei flrom a Full I«oad« 

— ^Let Eq. (303) represent the strain in any horizontal 
chord-member, and let 

83 S2dv\l — x') 
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iresent the strain in the next member towards the 
itre of the truss, x' being equal to x-\-p, and confined 

I Talue less than — . 

Since this strain increases from the abutment to- 
irds the centre, the difference must cause the same 
i&d of strain in the braces whose arc ends are inclined 
frards that abutment from which x is measured, that 
ire is in the horizontal chord ; in this case compres- 
bn, since this chord is uppermost. 

The difference between the two strains is 

H' — H = ^"¥i^'i^ — ^)— x{l — !^y\ /oog-j 
Its vertical compocent is, from the proportion, 
|:i^^ii=^::H'-H:V 

_ V}p[a!'{l-x)^(l-xY\ _ _ _ (jQj-, 

ilx\l — x') ' ' ' 

a quautity always less than—, or one-fourth of a panel 
load ; hence the other brace is also subject to compres- 



t 



Had the verticil component of the difference in the 
horizontal strains been a panel load, it would prove the 
other brace to be subject to tension, or to no strain. 



1 
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In Fig. 76, representing a segment firom the right of 
the centre of a truss similar to Fig. (75), let the vertical 
section dh be distant x from the right abutment, and the 
vertical section ca be distant x from the same abutment ; 




Hg. 76. 

then Eq. (306) will represent the excess of horizontal 
strain in eb over that in ea^ and Eq. (307) will represent 
the vertical strain, or the vertical component of the 
strain, of which Eq. (306) is the horizontal component 
But this does not prove that there is a greater amount 
of vertical strain in c& than in ea, for they have 
diflferent inclinations. From this vertical strain, -how- 
ever, may be determined the proportion of the panel 
load upon e, borne by ea ov eb. 

Deduct from -^, or the load upon the point e, the 

weight, Eq. (307), borne by the excess of horizontal 
strain in eJ, and, of the remainder, let V = the amount 
borne by ea ; and V, that borne by eb ; then the hori- 
zontal components of the compressions in ea and e6, of 
which V and V are the vertical Components, are equaL 
Let H equal this horizontal component, uniting with V 
or V, then 

H : V'::|:y', andH:V::|:y, 
and 
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2/17 "^ IT' ^ ^ 

and since V'+V= !? - ^^[a;'(^ - a:')- x(; - <g)] 

Z 4te'(i — a?') 

Substituting the value of V, Eq. (308), 

y 

Substituting the values of y' and y, 

v (y!±y) = y, a!'(?— !>/)+a?(;— z) 

y a?'(i — a?') 

. y, a;^(^ — a/)+ g!(^— r>;) _wp top[a;'(?— a;')— «?(?— a;) | 

'<»(/ — a?') T 4ix(^-aj') ) 

which maj be reduced to, ' 

V = !^ 4- 'u^P^Jl — a>') . /309^ 

4Z ^ 2/[aj'(i-aj')+a?(i-a.')]* ' ^ ^ 

The vertical component of the strain - in that brace 
whose arc end is farthest from the abutment from which 
a is measured, of being the distance to the arc end and 

a? = a?' - i>. Since, in Eq. (309), "^'^f "^^,7 — , 

is less than — , V is greater than -^, or, under a full 

load| the weight upon that brace whose arc end is nearer 
the centre is greater than the weight upon the other 
brace from the same horizontal chord point. This equa- 
tion is necessary for the strain upon the braces from the 
permanent load. 



1 
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The vertical strain upon the other brace from the 

a 

same point in the horizontal chord is most readily det» 
mined by subtracting Eq. (309) from ^^ 



199. Terllcal Stratni In tlie Braoef firon a MoTmMe 

Load.— In Fig. (76) let the load extend from the left abut- 
ment, so that the point e is not loaded* Then, since the 
chord can take no portion of the vertical strain, it fol- 
lows that the vertical component of the strain in one of 
the braces, ae or he, is equal to that in the other, or V 
in ae=Y inbe ; but since the inclinations of the braces 
differ, the horizontal components of their strains must 
differ also, and the sum of these horizontal components 
equals the difference in the horizontal strains in the 
chord-members /e and eg. If a be distant a?', and 6 be 
distant x from the right and unloaded abutment, then 

^^ ""^^ being the reaction of that abutment, w^ being 

weight of the full movable load, 

TT, _ w'afQ — u)* 

is the strain iufe, and 

the strain in ey. 

The vertical components of the strains in ae and le 
are to their horizontal components as the vertical extents 



THE STRENGTH OF BBIDGES AND BOOFS. 273 

of these braces are to their horizontal extents, the latter 
being :2 ; hence, 'kf : ^ :: V : —^ the horizontal com- 

2 i» ^y 

ponent of the strain in oe, and y : 2::Y : — ^, the hori- 

2 Zy 

zontal component of the strain in he. 
Therefore, 

2/^ 2y 2y'y 

_ w'afQ — t^)* _ ^a?(Z — ^)* 
2/*/ 2ry ' 

and 

Substitute for y' and y their values as given in Eq. 
(283), and we have, omitting — , since it is common to 

V 

all the members of the equation, 

and since^ = oti — x 

•• Vix{l-x)+x\l-af)y ^ ' 

is the vertical component of the strain in either ae or 
Je, and is greatest when {I — t/)' is greatest, or when the 
load extends from the abutment opposite to that from 
which 7/ (9, and u are measured, and fully loads the 
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panel point next these two braces; in this case the 
panel pointy! 

The longitudinal strains in db and he have a result- 
ant at 6, which passes in the direction of the end of the 
truss resting on the (in this case right) abutment For 
let y, the vertical depth at J, represent the vertical abut- 
ment reaction, then V : H :: y : a?; or, 

w{} -^ t^V . te;(Z — v)^ .. 4cfe(? — x) . 
2? ' 8rf(Z-a?) ** r 

Therefore the amount only, and not the direction of this 
resultant, is affected by the weight of the load. The 
relative proportions of the components of this strain 
borne by ah and he consequently remain the same, even 
when the point e is loaded. Hence Eq. (310) will deter- 
mine the strain in^a when f\& loaded, as well as in o^ 
and he ; and the greatest compression vckfa^ and tension 
in oe, are when the point / is loaded. 

To apply the equation, since it is a single truss, 

^'^!pL must be substituted (54) for ^'^^ ~ ^^' ; and 



2Z(Z-i>) ' ' 2r 

since oj' = a? + i?, n = ^» % (310) becomes = 



P 



w'{l^x — ^ a?(a? + jp) 

Y- ^ , ^' ^, (311) 

I {I ^^)l2x(,l -^ - x)+p(l -i>)] 

for the vertical component of the 

^ ^ {tension when the arc is above, ) , , , 

greatest^ , _ . T; , y from a movable 

° [campreaston when the arc la below, ) 
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load in any brace wliose arc and nearest end is distant x 
from the abutment. To this strain must be added the 

strain from the permanent load, which is— r^ — Eq. (309), 






wpx''(l — x') 



n\x-{l — z^)-\-x{i- 
«' being equal to a-' +^, this becomea 
wpT{l — a) 



»)]' 






(312) 



r ^ In this equation w represents the weight of the per- 
manent truss load, and this equation, added to Kq. 
(311), gives the total maximum vertical strain in those 
braces to which Eq. (311) applies. 



i-ic'- 



Making cB — ic' — p^ n = - 



Eq. (310), be- 



'W'{1 — jf — ■^\ x'ix' — _p) 
= l{l -p)[2x' {l+p—x') —p{l +j})] ' 



(313) 



rt 

hen the arc is 5 , , [ , from a movable load in any 

( below ) ' "^ 

brace whose arc and farthest end is distant x' from the 
abutment. From this must be subtracted Eq. (309), 
giving the strain from the permanent load in which x is 
to be made equal to x' — p. 



p the vertical component of the greatest j . [■ 
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MO. fixampje.— In Fig. (75), 

Let 1=120 feet, the length of the trass, 

d = 14.4 feet, the versed sine of the canre of the 

lower chord, 
p = 10 feet, the horizontal distance between the 

panel points, 
w' = 120 tons, the weight of the full movable 

load, 
w = i8 tons, the permanent truss weight. 

Substituting values in Eq. (303), w being changed 
to w' + w^ we can form the following table of strains in 
the horizontal chord : 



Values of x. 


"6 


15 


25 


85 


45 


55 


Strains in Tons. 


167.4 


172.3 


178.3 


178.5 


178.7 


173.8 


Compression in 


AB& 
MN 


BC& 
LM 


CD& 
KL 


IK 


EF& 
HI 


F0& 
GH 



For the strains in the arc, we obtain from Eq. (305), 
w being changed to w^ + w^ the following table : 



Values 
of X, 




10 


20 


80 


40 


50 


60 


Values 
oip'. 




10.77 


10.50 


10.28 


10.03 


10.03 


10 


Strains in 
Tons. 


184.1 


192.9 


186.1 


181.6 


176.9 


176.6 


176J8 


Tension 
in 


Ab & nN 


bc&mn 


od&lm 


de&kl 


ef&ik 


fg&U 


gh. 
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The strain in the first, or end member, is found from 
the strain in the horizontal end member, dividing by 5 
ita horizontal extent, and multiplying by 5.5 its length. 

Supposing one-half of the permanent trass weight to 
be borne directly by the arc, w of Eq. (309) is equal to 
24 tons ; we have from Eqs. (311) and (312) the follow- 
ing table of compression in the braces, the vertical strain 
being multiplied by the secant of the brace angle. 



VsluBsof*. 


Btniina In Tons. 




s 


4.60 


Mn4Bb 


15 


(1.53 


Lm&Cc 


25 


12.8D 


El&Dd 


85 


15.40 


Ik&Ee 


45 


1S.M 


Hi&Ff 


55 


17,30 


Qh&Gg 


B5 


16.88 


Fg&mi 


75 


ie.63 


Ef&n 


85 


13.41 


DeAKk 


85 


10.38 


CdftLl 


105 


6.84 


Bc&Mm 



I 
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Similarly from Eqs. (313) and (309), we obtain the 
following table of tensions in the braces : 



Yalaes of 20. 


StraixiB in Tons. 


Tension in 


15 


2.97 


MmftBe 


25 


6.78 


UftCd 


85 


9SS^ 


EkftDo 


45 


10.75 


liftEf 


55 


11J38 


Hh&Fg 


65 


10.09 


Gg&Qh 


75 


9.91 


Ff&m 


85 


7.98 


Eeftik 


95 


5.25 


Dd&El 


105 


2.15 


Cc&Lm 
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CASE IT. — A DOUBUC TBOSB, WITH ALL THK BEAOES IN- 
CLINED, AND HATINa EQUAL HORIZONTAL EXTENT. 

aoj. — Let Fig. (77) represent a bow-string parabolic 
Truss, containing two systems of braces, which permit 

' o Hi-5-i;-SL^L? P o T. 



the division of the truss into two simple trusses, whose 
chords are common, but whose braces act independently 
of each. Let Fig. (78) represent one of these trusses, 
designated as Simple Truss No. 1, and Fig. (79) the 
other, designated as Simple Truss No. 2. 

C 1 L N 



Fie- ' 
n K M o 



I c « g i 1 n P r I g 



9oa, — Let I = the horizontal length of the truss, 
d = the versed sine of the curve. 
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p = the horizontal length of the panels of 
the double truss, 

p^ = the length of an arc member, 

v> = the maximum load, uniformly distrib- 
uted, 

a = the horizontal distance of any panel 
point from one abutment^ 

y = ' ] ^ , the vertical distance be- 
tween the chords at any panel 
' point X. 

M8» Horizontal Chord Strains. — Each truss bears 

one-half the load, and the half panel load at each abut- 
ment is taken as belonging to No. 21 Taking moments 
around a point in the arc chord of No. 1. Fig. (80), 
distant x &om the abutment, * , 

V 4 4r 



• • 



H=B^ <"*) 

is the tension in the lower, or horizontal chord, between 
the points 6 and u. But outside of these points, or be- 
tween them and the abutment, this equation will not 
apply, because there is no panel point in the upper chord 
of this truss. The manner of determining the strain in 
the end member will be shown hereafter. 
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I 



Taking moments around the upper chord panel 
points of No. 2, we have, 

•n, idxil — X) _ W.V _ WX* Wp' 

whence, 



wx 



if 



H' = 



wl 



wp^l 



(315) 



16d lGdx{l — x) ' 
18 the tension throughout the horizontal chord of No. 2. 
Adding these ecjuatioua, (314) and (315), we have, 



H+H'^ 



V)l 



wlp' 



(316) 



8d lGdx{l~xy 
for the strain in the horizontal chord of the doable truss, 
Fig. (77) in which x is the horizontal distance to the 
upper chord points of Truss No. 2, which is the same as 
to the lower chord points of No. 1, and gives the strains 
in the members on both sides of these points. That is, 
since the strain in No. 1 is constant, the strain in the 
double truss only changes as we pass the points of No. 2. 
For the horizontal strain in the end member take 
moments about T or C, the first upper chord panel 
points of Simple Truss No. 1, and we have 

The moment of the load on the first lower chord 
panel point of this simple truss at u or 6 does not affect 
the equation for the strain in the member on the abut- 
taent side of either of these points. Since or = 2p, this 
equation becomes, 

Y6d(l — 2p)' 



H = 



(317) 
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Add this to Eq. (315), which extends thioaghout the 
horizontal chord, and making x =jp^ we have^ 

for the strain in the end member of the horizontal 
chord. 

304. lionvitadlnal Are Stralni.— -Taking moments 
around the horizontal chord points of Simple Trass No. 
1, we obtain 

T p 4dx{l — 0?) __ wx^ _ wof vyp* 

' p' ? X TT "^ IT' 

whence, 

is the compression in all the arc members of Simple 
Truss No. 1, except the member at either end ; to 
"which, from the manner of taking the moments, the 
equation is not applicable. 

Taking moments around the horizontal chord panel 
points of Simple Truss No. 2, we obtain. 



T JE> ^dx{l — x) _- 'W^a? _ 



wx 



whence, 

^=^ « 

is the strain in all, except, as before, the end members 
of the arc of No. 2. • 

Adding Eqs. (319) and (320) we have 
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The compression in the upper chord members of the 
double truss : here z is the distance to the lower or hori- 
zontal chord panel points of No. 1, and for each value 
of iX there are two values of p', the lengths of the two 
members meeting at that point. 

The compression in the end arc member has a hori- 
zontal component equal to the strain la the horizontal 

end member, or Eq. (318) X -^, or 






wlp 



wf 



.\< 



md{l — 2p)}p' 
is the strain in tlie end member. 

The horizontal component of the strain in the end 
members of No. 1, that is, from A to C and from T to- 
V, is given by Eq. (317), and in the second members of 
Truss No. 2 is given by Eq. (320) ; adding these equa- 



r 



IDS, and multiplying by ^, we obtain 
P 
J _ / wi , wl' W 

ul5 "*" leiQ -pyp' 



(323) 



SOS. Tcrtlcal Straini Id the Braces nrom a Full Load. 

— In Simple Truss No. I it has been shown that the 
strain in the horizontal chord is, with the excei)tion of 
the member at either end, uniform throughout that 
chord. The horizontal components of the strains in any 
two braces of this simple truss, meeting at the same- 
horizontal chord point, are therefore equal. Let h =, 
the horizontal component of the strain in either of the- 
braces meeting at o in Fig. (78); let v =, the vertical 
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component of the strain in the brace to the point P, and 
v' =, the vertical component of the strain in the brace 
to the point N; then these two vertical components, 

r' + v = — , or the weight upon the point o. 

Since 

p :y::h: v:.h = ^. 

y 

and 

Then i;=l, and t;=!!:y. 



•• 






and 

%'+ y)* 

Substituting for y' and y their values, i-= i 

and ^; — ^, we have, 

Y-^ wpx'{l—a/) ^ ^ ^324) 

for the vertical component of the strain in that brace 
whose arc end leans from the abutment from which a/ is 
measured, x being = of — 2p. The vertical component 
of the strain in the other brace from the same point is 

!^_Eq. (324). It wiU be observed that, since 

V 
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se'{l — x') -{- x{l — a) 13 less than 2x'{l — a/) when a^ is 

not greater than — ; Eq. (324) is greater than -^, or, 

the brace leaning towards the centre supports more than 
^half a panel load. 

^fc In Simple Truss No. 2 we have the same case which 
^■ras explained in (193), and to which, consequently, 
^Eq. (309) will apply. 

306. Vertical Slralns Id the Bracei ft-om a DIoTlng 
lAad. — A comparison of these Simple Trusses witli 
Case (III) will show that the vertical strains, or vertical 
components of the strains in the braces, are similar; 
jmd that Eq. (310) representing twice the reaction of the 
mtment from which x ia measured, multiplied by 

— -= --, (x being the distance from the 

abutment whose reaction is taken to the arc end of any 
brace leaning towards the same abutment, k' being 
= x + 2p, and u being = a;) will give the maximum 
tension in that brace. 

Hence, in Simple Truss No. 1, the reaction of the 
abutment from a partial load, found as in the horizontal 

usses, being, ■ ' - — ^, Eq. (310) becomes, 
4" 

2F[x{l ~cc) + ( + 2j))(t — xai— 2p)y 

= w'(l — x)'x(x + 2p) ,„„,. 

AC[:x(l—22?-x)-\-j:{l-ip)}' ' ^ ' 
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This being tension, the tension from the constant trass 
weight is to be added to it 

The greatest compression in the braces of the same 
simple truss is, as has been explained in the pievious 
case, given by Eq. (310), u being = a/ and x = x' — 2p, 
lyhence Eq. (310) becomes 



V = 



w'(l—x'yaf{af — 2p) 



v/{l-afYa/{a:'-2p) ^ . . ^ 

4? [a?'(i + 2p — a?) —p(l + 2p)] ' ^ ' 

x' being the horizontal distance from the unloaded abut^ 
ment to the arc end of the brace leaning from that abut- 
ment ; and since the strain is compression, it is necessaiy 
to deduct from it the strain from the constant load. 

In Simple Truss No. 2, by a similar process of rea- 
soning, Eq. (310) becomes changed to 

V = t^/[(; — xY —p'ycjx + 2p) .^2-. 

4.C\_x(l —X — 2p) +p(l — 2p)J ^ ' 

for the tension in those braces whose arc ends are dis- 
tant X horizontally from the abutment towards which 
they lean. 

And for the compression in those braces whose arc 
ends are distant x' horizontally from the abutment from 
which they lean, Eq, (310) becomes changed to 

~" 4t'lx'{l + 2p - w)-j>{l + 2jp)] ' ^ ' 
To Eq. (327) is to be added the constant trass load. 
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Eq. (324); and from Eq. (328) is to be subtracted the 
constant truss load to attain the maximum result 



907. Eiamplc— In Fig. (77), 

Let I =: 200 feet, the length of the truss, 

d = 25 feet, the depth of the truss at the cen- 
tre, and the versed sine of the curve, 
p = 10 feet, the horizontal distance between 

the panel points, 
w = 100 tons, the permanent truss weight, 
two-thirds of which is supported by 
the braces, 
v/ = 200 tons, the weight of the full movable 
load. 

From Eq. (318) for the end member, and Eq. (316) 
for the other members, we obtain the following table of 
strains in the horizontal chord, w of these equations being 
the maximum load, 300 tons : 



Vilues of X. 




10 


SO 


50 


70 


90 


Stniu In Toaa. 


B08,77 


292.11 


267.06 


208.00 


298.35 


29S.4B 


TwalmlB 


nV 


bc&tn 


od.de, 


of fg. 
pq.iqt 


gh, hi. 


ik.k1.lm 
ftnm 



From Eqs. (321), (322), and (323), we may form the 
following table of compressions in the arc chord ; w 
being here also the maximum load, 300 tons : 
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Values of x. 


Strains in Tons. 


Compiessioii in 




841.81 


AB&UV 




884.87 


BC&TU 


80 


828.54 


CD&ST 


80 


818.89 


DE&BS 


60 


818.17 


KF&QR 


50 


809.55 


FG&PQ 


70 


806.17 


GH&OP 


70 


808.76 


HI&NO 


90 


802.41 


TK&MN 


90 


801.81 


EL & T.M 



From Eq. [325), added to two-thirds of -f. — Eq. 

(324), we obtain the tensions; and from Eq- (326), less 
two-thirds of Eq. (324), the compressions in the braces 
of Simple Truss No. 1, as given in the following table, 
the vertical strains being multiplied by the secants of the 
angles of the braces. 



p 


r 
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x&x'. 


aO ; 


40 


GO 


80 


100 


120 


140 


leo 


180 




Strelna In 
Tons. 


11.48 


13.84 


18.18 


13.00 


16.33 


18,00 


17.19 


18.07 


19.92 


Tentlon 
la 




Ef& 

Hq 


0h& 
Po 


Ik ft 

Km 




No ft 
111 


Pq& 
Of 


Bus 
Ed 


Tuft 


StMina in 




8.53 


8.71 


8,48' 


9.17' 


8-85 


7.68 


6.44 


2.BI 


Bio^iT' 


Rs& 
Ed 


%' 


No A 
Ih 


Lmft 
Lk 


Ik. ft 

Nm 


Po 


Efi 
Rq 


CdSr 
Tb 




Again, from Eq. (327), added to two-thirds of -^ — 

E^. (309), we obtain the tensions, and from Eq. (328) 
ess two-tliirds of Eq. (309), the compressions in tin 
)races of Simple Truss No. 2, as given in the foUoiviiij 
table ; the verticftl strain being multiplied by the secant 
jf the angles of the braces : 




kI 


Values of 
x&x. 


10 


30 


00 


70 


90 


110 


130 


150 


170 




StnlDB in 
Tons. 


13.40 


13.81 


15.18 


17.00 


17.B7 


18.06 


17.79 


1S.41 


15.80 


Teruion 
in 


Be* 


St 


V 


Hi ft 
On 


Klft 
Ml 


Mnft 

Ki 


X 


Qrft 
Fe 


St ft 

Dc 


Strains io 




1.84 


D.47 


7.76 


8.80 


8.«8 


8.53 


6.15 


3.84 


Comprce- 
NOuin 




St& 
DC 


%t 


Op ft 


Mb ft 
Ki 


Klft 
Ml 


HI ft 
On 


V 


Deft 

Sr 




lit 


^ 
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309. — By similar processes equations may be prepared 
for Parabolic Bow String Trusses containing any num- 
ber of Simple Trusses, or single systems of bracing. 

309. Bow String Tmiies, "with. Arcs of anj €)wmi- 
tnre. — It is only when y, or the vertical distance between 

the arc and the horizontal chord at any point, bears 

some ratio to the horizontal distance of that point from 

the abutment, that we can express the former in terms 

of the latter, as in the Parabolic Bow String. This can 

be done when the curve can be referred to rectangular 

axes, as is the case with the circle, ellipse, and many 

others. But in these cases the equations become more 

intricate, and it is better that they should contain two 

variables than to be rendered liable to error by their 

prolixity. 

The following equations will apply to any Bow 
String Truss, as they are entirely independent of the 
curvature of the arc. 

aio. — ^Let I = the length of the truss, 

J) = the horizontal length of a paneL 
jp' = the length of any arc member, 
w = the weight, maximum and uniform, 

upon the truss, 
X = the horizontal distance of any panel 

point from one abutment, 
y = the vertical distance between the chords 
at X 
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911. Horizonlal Stralni. — From moments around any 
panel point in the arc of Fig. (80), we 

rig.m. 
have for tbe tension in the horizontal chord, 



whence, 
H = 



Hy='Jit. 



IPX 

"if' 



H' = ^ 



(329) 



(330) 



WX VJX 

and at any other point x', 

_ wx' _ wx" 

w 

If H' be greater than H, then the horizontal chord 
end of the inclined brace between the two points x' and 
00 must be distant x\ a/ and the arc end distant w from the 
abutment. That is, if the horizontal strain at c be 
greater than the horizontal strain at </, a brace is ceces- 
■ eary from c to 6. If, on the contrary, the strain be 
greater at d, then the brace must be from a to d. Tlie 
vertical components of the strains in these braces, neces- 
sary to ascertain the effects of the constant load, may be 
obtained, as has been shown before, from the difference 
, in the horizontal strains, 

S19. LonBltudlnal Arc Strains. — From moments 
around any point in tbe horizontal chord we have, 

T ^p'l'WCB WX"\ 

~p^2y V' 



(331) 



292 



A TREATISE OK 



Eqs. (329) and (331) apply io the members c»f the 
chorda on that side of any point to ivhich as is meBsnred, 
on which, under a full Ooad, no brace is in action. 

313. TeMloal Strains In the Braces fhnn a Moi 

I<oad.— Under a partial load, extending from one abu^ 1 
ment a distance I — u, at any point, or, outside the load, 
IT and u being measured from the same abutment, and 
w' being the weight of a full load of equal density with 
the partial load, the strain in the lower chord will bo. 



H = 



and at the next panel point aj', 



H' = ; 



'ay 



Subtracting 
H-H' 



'(t-u)'(»y'-»'y) 
■ay)/ 

0! — J>, then 



(33^) 



(333) 



(334) 



H - H' = «-'('-")-C»y-°y+py\ ,335) 

is the difference in the horizontal strains at two conm 
tive panel pointa outside, and consequently (he horizon* ' 
tal component of the strain in the brace. Tf y' be the 
vertical extent of this brace between x and a: — />, 
•p being its horizontal extent, we have from the propor- 
tion 



vv 



:H-H':V 



_ w'(<— «)'[jr(y'-y)+yy!l 



'(33S 
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for the vertical component of the strain in any inclined 
brace between the panel points x and x — p. 

This equation must be changed, as has been done in 
the previous cases to suit different systems of bracing ; 

— ^ ^n ' ^^ altered to represent the reaction of the un- 

loaded abutment of the simple truss to which it is to be 
applied, and p is always to represent the horizontal 
length of a simple truss panel. Examples of the appli- 
cation of these equations are considered unnecessary. 



2U 
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CHAPTER X 



LEimOULAB TRUSSES. 



914.— The form of this peculiar trass, known also as 
the Pauli System, is shown in the following figure : 




It is composed of two equal parabolic arcs for chords 
meeting at the ends, and braced with vertical and in- 
clined braces. It is not capable of supporting any 
greater weight than a Bow String Truss of equal depth 
and length, and practically possesses many disad- 
vantages. 



915. lionyttadlnal Chord Slratni.— In Fig. (82) 

Let I = the length of the truss, 

d = the depth of the truss at the ceintre^ 
p = the horizontal length of a panel, 
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Wz 



: the length of any arc member, 

the horizontal distance of any vertical 

brace from the abutment, 
the depth of the truss at any point ir, 
the weight upon the truss uniformly 

distributed. 




FiK. 83. 



Taking moments around a in the lower chord distant 
horizontal x from the abutment B, we have. 



wx 



wx 



L(a/) = r2^- 



(337) 



. d 



The versed sine of either arc is —, therefore Eq. (283) 

the vertical height of any panel point in the upper chord 
above the abutments is. 



'2dic(l — x) 



(338) 



and the vertical depth of any panel point m the lower 
chord below the abutment .in the same vertical section is 

also ^ ~ , whence the vertical depth of the truss 
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at any panel point distant x firom the abutment is, as in 
the case of the Parabolic Bbw String TrasS| ^ 1. 

From similar triangles,. 

af : aby.gc : 6c, 
or substituting the values of these quantities, 



af:^^!^:p:^. 



whence, 






Substituting this value in Eq. (337), we obtain 

^=% w 

Equally true for either cliord, and containing but one 
variable p'. 

316. Terttcal Strain tn tiie Terttcal Braces. — ^The 

depth of the truss at any panel end, a&, distant x fix)m 

the abutment, is L-ZLJ. ; at the next panel end to- 

if 

wards this abutment, ce, where the distance is a; — p, it 

jg Ad{x —p )(l — X +p) 



r 

Subtracting these quantities, we have 
Adp (l — 2aj + J>> 



(340) 



for the difference in the depths of the truss at the two 
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ends of a panelj op in the lengths of ah and ce. Half 
of this quantity is consequently^ the vertical extent of 
each chord member of this pane!, or b is vertically one- 
half of this distance above c, and a vertically one-half 
the same beneath e. Since be : bg, so is the longitudinal 
strain in 6c to its vertical component, we hav^ 



:V=! 



wp 



wV 



■ (3«) 



^B Its horizontal component ia a constant — j, the lower 

^Wiord member in the same panel has. the same vertical 

^^omponent. Hence each arc or chord member supports 

one-half the weight that comes upon the truss between 

its end towards the centre and the centre, and one-fourth 

mgd a panel load ; and the horizontal component reraain- 

B^ng uniform, there is no strain upon the inclined braces, 

if (T, in Eq. (341), be made =x—p, we shall obtain the 

vertical component of the strain in the next chord mem- 

p towards the abutment, and if this be subtracted from 

(341), with 0! unchanged, the remainder ia — y, a con- 
stant Therefore, at each panel point, as we paas from 
the centre towards the abutment, there is an increase in 
the weight borne by each chord of Iialf a panel load; or 
each chord bears half the load ; and if the whole load 
come 6rst upon one chord, only one-half of it is taken 
by that chord, while the other half is transmitted by the 
, vertical braces to the other chord ; hence, when the truss 

f fully loaded, each brace is subject to a strain of -^■, 



■ oer 
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917. TertlcttI SCntau ta the mrmom flmn » MotIds 
i^oaA. — It is evident that as the two chords have, at the 
two ends of any panel, the same difference in their verti- 
cal distances, as there is in the case of the Parabolic Bow 
String, they can take no more of the vertical strain from 
the moving load. Taking moments around any panel 
point in either chord distant x from the abutment, x and 
u being measured from the same abutment and x being 
less than u; l — u being the length of a partial load, 
and tt/ being the weight of a full load of equal density 
with the partial load, the strain in either chord is, 



J 4dx(l — x)p _^ w'{l—uyx 
CP 2? ' 



whence 



L= ^j;-^y . . - . . (342) 

Sa{l — x)p 

For simplicity take the horizontal component of this 
strain, which is 

==^Ef- • ■ ■ - (««) 

A strain increasing with x or greatest at the end of the 
load. At x' 

w'il-uj .... (344) 

Subtracting, 

H — H' = ^^'(^ — ^^V— ap 

Sd{l — x)(l—ce')* 

is the horizontal component of the strain in the inclined 
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brace whose ends are distant x and of from the abut- 
ment towards which the brace leans ( ), or in ac. 
The vertical extent of this brace ia one-half of ce, the 
depth of the truss at x' and one-half of ha the depth at 
j:, its horizontal extent is j? ; hence 

^dx(l- 

P(l+p) ) 



, {l — x) , idx (I — tp) ,. w'(l — uY{!i; — ic) , y 



w'{l — ")' (_2£_ 



4r 



U- 





(345) 



{l — x){t—x+p) S 

(c — p being substituted for x', for the vertical compo- 
nent of the strain in any inclined brace from the moving 
load, when the lower end of the brace is distant x hori- 
zontally from the abutment towards which it leans. 
This strain ia evidently greatest when the load extends 
from the opposite abutment to that from which x is 
measured, and covers the panel point, distant a from the 
w'il — v)' 



abutment. This being a simple truss, - 



, the r 



L action of the unloaded abutment must be changed for 
lltbe reasons explained in (54) to ■ .„ ^ , ; and since n, 

[■ the number of loaded panels in Z — w, equals this 

quantity becomes —^ J-. Substituting this in Eq. 



I (845) we obtain 



2l{l —p) 



w'{l-x) j 
■AU-p) \ 



P{i —P) 



{346} 



{l+p-a-)) 
\ for the maximum vertical component of the strain in 
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a,ny inclined brace whose lower eud is diiitant x 
tlie abutment towards which it loans. 

This- strain is evidently always tension, aad' it pn 
duces compression ia the vei-tical brace to w.ho«e up{>fl| 
end it is attached. This compression, is greatest whei 
the tension in the inclined brace is greatest, or when t 
load extends from one abutment and coven the lie] 
panel point to this brace. 

Keferrtog to Fig. (82), let the load extend &oin 1 
abutment A so that the point h is loaded and a outsid^ 
the load. £b i& evident tilat t!he vertical stituins in the 
chord member ib and' the inclined' brace Mi, oompresmoo 
in the former- and< tension ita the tbtter, produce aR the 
vertical stnain. that may exist in. the chord* member Jc 
and the vertical brace ha ; or the vertical strain in ib 
and. hi equals the vertical strain, in ba and he ; hence, if 
we subtract the vertical stiTiuu in be from the sum- of the 
strains in H and bh, we have for the cemaijider the ver* 
tical strain in 6a. Let V, Eq. (345), be the vertical 
strain m iby x being the horizontal distance from the 
abutment. B topoibt h. From moments around h, 
w'( l — uyp' 



the reaction of the abutment being 



(347) 






the ver 

tical component of this from the proportion of Its length 
to its vertical extent, 

2dp{l~2T+p ) .. w'(l-uypl . y 
iid{i—a;)p ' 



F- 



W{l~ny{l~2x+p) 



(34S>, 
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Adding Eqa. (8'45) and { 



, we have, 



^_ V/{1-Uy i2x _ ^ p(l + p) _y.'i-^^+Phu9 



U il—x \l—x){l—x+p) 
tiich readltyreBuces'to 



■l—x 



f 

^TOr the 'total vertical strain coming "upon tiie 'point 6, 
and taken by the members he tmdba. Tf 3: of Eq.'(348) 
be changed to cc — ^, we shall have for the vertical 
1 in be, 

y _ u<(i — u)\t — 2» + 8p) 
ie(l — x+p) 

tabtractEq. (351) from Eq. (850) and 

y^_ v/(l-vY2(x-p) _ _ ,,,„. 

ie{l-x+p) ^ ' 

the remainder and the strain in ba. In this equation 
le reaction of the abutment — ^ " ' must be changed 

— " ^, and since x is the distance to the panel 



(350) 



(851) 



point beyond the vertical brace to which the equation 
refers, let it be changed to w' + p, so that x' shall be the 

Bistance to the brace. Then, since n = ■ ' -^ mak- 

P 
g these changes, Eq. (352) becomes 

-^ _ w'(l — x' — J»)V 
The vertical braces are subject to the action of the 



(353) 



1 
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load moving in either direction, or a strain may come 
upon them from either of the ties attached to their upper 
ends. The greatest strain is when the load covers more 



truss, 



I 



If the 



roadway be upon the upper chord the proportion of the 
compression from the constant load must be added to 
Eq. (353). If upon the lower chord the tension from 
the constant load must be deducted. 

918. Example. — ^In Fig. (81), 

Let I = 350 feet, the length of the truss, 

rf = 49 feet, the depth of the truss at the 

centre, 
j9 = 25 feet^ the horizontal length of a panel, 
w' =350 tons, the weight of the full movable 

load, 
w = 175 tons, the constant truss weight* 
Substituting values in Eq. (339) we have the follow- 
ing table of chord strains, w of this equation being the 
maximum load, 525 tons: 



Values of p/ 


26.83 


25.60 


25.40 


25.24 


25.13 


25.04 


25.01 


Strains in Tons. 


484.81 


480.00 


476.25 


478.25 


471.00 


469.50 


468.94 


Compression in 


OP 


BC& 
NO 


CD& 
MN 


DE& 
LM 


EF& 
KL 


FG& 
IK 


UI 


Tension in 


Ab& 
oP 


l)C& 

no 


mn 


de& 
Im 


ef& 
kl 


fg& 
ik 


gh& 
hi 
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Substitating valaes in Eq. (346), and multiplying 
the vertical strain by the secants of the inclined brace 
angles, we may form the following table : 



Valaes of x. 


StrainB in Tons. 


Tension in 


50 


80.96 


Bc&nO 


75 


88.41 


Gd&mN 


100 


88.08 


De&lM 


125 


40.82 


Ef&kL 


150 


45.18 


Fg&iK 


175 


45.94 


Gh&hT 


200 


44.99 


Hi&gH 


225 


42.81 


Ik&f(i 


250 


87.98 


Kl&eF 


275 


81.90 


Lm & <iE 


800 


24.80 


1 

Mn&cD 


825 


14.95 


No&bC 



If three-fourths of the constant load be considered as 
concentrated upon the lower chord, which also receives 
the moving load (the upper chord bearing directly the 
other fourth), each vertical brace will be subject to a 
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tension of •one^ourth of a.panelload £fom the -cenfitant 
load, or -^, and one-half of a panel load cff "flie moving 

load, OP ^~'i Jience, ^ + — ^ = 15.625 tona is (he 

maximum tension in the vertical braces. 

Sabstitating values in Eq. (353), and deducting |rom 
the results the constant load tension of -^ = 3.125, the 

foUowiqg table of maximam coiqpresBions in the verti- 
cal braces may be formed-: 



Valaea of or. 

1 


25 


50 


75 


100 


125 


150 


175 


Straiiui in Tons. 

• 


7.58 


16^ 


28.10 


28.08 


81.07 


88J31 


81.49 


Compression in 


Bb& 
Oo 


Ce& 

Nn 


Mm 


LI 


Ff& 
Kk 


ag* 


Bh 




I 



For trusses of this character, having the upper chord 
arched, but not meeting the lower and horizontal chord 
at the abutments, equations nay be prepared, containing 
but one variable, as in the previous cases; but in this 
case to express the depth of the truss at any point in 
terms of the distance of that point from the abutment, 
would give a long and somewhat intricate etiuation. 
For this reason, and to give an example of the manner 
in which any form of truss may be analyzed, and its 
strains determined, only the simplest forms of equations 
will be used. 

390,— Let ? = 152 metres, the distance between the 
abutments, 
d = 20 metres, the depth of tlie truss at the 
centre, 
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♦ur' 



W = 



p = 4 metres, the length of a panel, 

n = 1.2 metres, the distance on the abut- 
ment between the end posts, 
500 tons, the full movable load, 
500 tons, the constant truss weight, 
uniformly distributed, 

X = the horizontal distance of a panel point 

from the abutment not from the 
end of the truss, 

y = the vertical depth of the truss at x. 

The truss extends beyond the abutment at either end 
a certain distance = 2/1, oft = 6c = n. The upper chord 
is the arc of a circle whose diameter = 493.83 metres, 
and the length of the end post = 8 metres. 

391, Horizontal Strains.-*- Under the full load, in 
which case the chord strains are greatest, this truss, like 
the trusses Yath horizontal chords, may be divided into 
three simple trusses, 



N 



No. 1.— Fig. (84). 



Q T W T» Q 





t' q' n* k* ic* 



Fig. 84. 



♦ These weiglits are aasumed. 
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No. 2— Fig. (85). 



M' 




No. 3.-^Fig. (86). 

o B "5 ^' R' O' 




Simple Truss No. 1 bears — {w -r- ^), («?, for con- 

3 I ' 

venience, expressing the full load and the truss weight), 
therefore the moment of the reaction of the abutment 
upon it is at any point Xj since its end post is 2n beyond 
the abutment, 

and the moment of the load on x is, 

21 nrr 



1 Iwx , wpx 



3\2Z 

Hence H, the horizontal component of the compression 
in the upper chord, or the tension in the lower chord is, 

^""6" '&i^^'^T^''ir' 

whence, 

H = ^{Ix _ 0? + 2/ + 2fo» + 2pn). (354) 
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Substituting values given above, w being 1000 tons, 

g _ 1254(152 - a?) + 406.4] , 

114.y ' 

Whence the following table of chord strains in Simple 
Truss No. 1 : 



Valaee of x. 


Valuea of jr. 


Horiiontal 

StraioBin 

Tons. 


Horiiontal 
Component of 
Compieaaionin 


Tension in 


4 


9.92 


110.84 


AD & Air 


dgAd'g' 


16 


18.04 


217.14 


DQ & D'G' 


gkAg'k' 


28 


15.57 


278.18 


GK & G'K' 


kn & k'n' 


40 


17.52 


805.81 


KN & K'N' 


nq ft n'q' 


62 


18.9 


825.25 


NQ & N'Q' 

• 


qt ft q't' 


r 64 


19.73 


835.75 


QT&<rr 


tw ft t'w* 


76 


20 


888.95 


TW & T'W 





There being no tension in ad. 

Simple Truss No. 2 bears ^ {w + ^j , and ending 

at the abutment, the moment of the abutment reaction is, 



wx vypx 

"6" "eP 



|the load on x is — -, hence 
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H = 



w 



6^ 



{Ix — as* +jp<e). 



(355) 



Substitating values, w being put for (v/ + Wy) 

whence the following table of chord strains in Simple 
Truss No. 2 : 



Valaefl of x. 


Yalaes of y. 


Strains in 
Tons. 


Horizontal 
Component of 
Compression in 


Tension in 


13 


12.05 


157.24 


CF & CF 


fl ft f r 


24 


14.79 


284.86 


FI & FT 


im ft i'm' 


86 


16.98 


279.79 


IM ft TM' 


mp ft m'p' 


48 


18.5 


807.25 


MP & M'P' 


ps ft p's' 


60 


19.61 


828.72 


PS ft PS' 


sv ft s V 


72 


19.97 


882.07 


SW ft S' w 





No strain in cf. 

Simple Truss No. 3 bears ^ (w + —^1 — ^, and 

since its end post is distant n beyond the abutment, the 
moment of the abutment reaction is f^— !^](a?+n), 

the moment of the load on « is !^ - !^ - !^* ; 

ei 61 3Z ' 

hence, 
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■ 

.-. B. = ^^lx—ar—px + 2p'+nl^2pn); (356) 



Qly 
substituting values, 

250 



H = 



203y 



|<r(148 - a?) + 204.8 {, . 



whence the following table of chord strains in Simple 
Truss No. 8 : 



Valaes of x. 


Yalnea of jr. 


Strains in 
Tons. 


Horixontal 

Component of 

Compression in 


Tension in 


8 


11.08 


181.7 


BE & BE' 


^&eli' 


20 


18.95 


217.25 


EH & EH' 


hi & hT 


82 


16.28 


268.80 


HL & H'L' 


lo & I'o' 


44 


18.04 


290.57 


LO & L'O' 


or & oV 


56 


19.24 


805.29 


OR & OR' 


m & r'a' 


68 


19.88 


811.84 


RW & R'W 





No strain Id be. 

These are the horizontal strains in the chords of the 
Simple Trusses. The strain in the Compound Truss 
in any member is the sum of the strains in the Simple 
Trusses aflfecting that member; for example, in the 
upper chord the strain in HI is the sum of the strains 
in HL in No. 3, in GK in No. 1, and in FI in No. 2. 
In the lower chord the strain in hi is the sum of the 
strains in AZ, gkj and fu Consequently we may arrange- 
a table as follows : put the panel points, beginning at 
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the end of the truss, io a vertical column ; opposite to 
and in line with each point, place the strain extending 
from that point to the next point towards the centre of 
the same simple truss ; then at any point the sum of the 
simple truss strain at that point, and the two strains 
immediately above it, is the total strain in that member 
of the upper chord whose abutment end is at the point 
referred to. Similarly of the lower chord tensions, thus : 



L'liper Chord 


Lo«etrhora 
P.ncl 
Poluu. 


Simple Trow 


"rrutiB'' 


SZp^:^t 


Temfon In 


A 


d 


110.31 


110.34 


AB & A'B- 


de & d'e' 


B 


e 


m.To 


343.14 


BO & WC 


elfte'r 


C 


t 


15T.34 


390.28 


CD St CD' 


fg & fg- 


D 


e 


217.U 


500.08 


DE 4 D'E' 


gh&g'h' 


E 


h 


217:25 


591.93 


EF & E'F 


lii & hv 


P 


i 


234.86 


6U0.33 


FQ k FU' 


Ik & i'lL' 


Q 


k 


273.13 


73.5.34 


GHiGO' 


kl A kl' 


H 


1 


203-80 


771,79 


HI & HI' 


Im & I'm' 


I 


m 


270.70 


818,72 


IK & I'K' 


nm&m'D 


K 


n 


305.81 


840.40 


KL & K'L' 


DO k u'o' 


L 


o 


290.37 


876.17 


LM k L'M' 


op&op' 


M 


P 


307.33 


908.03 


MN&M'N 


pq A p'q' 


N 


q 


335.3.5 


933.07 


NO & NO' 


qt k q'r' 





r 


305.29 


037.78 


OP 4 OP' 


re A r'a' 


P 


B 


333.73 


O.M.Sfl 


pq & P(j' 


Bt & B'f 


Q 


I 


33r,.7S 


064.78 


QR & Q R' 


tu & I u 


R 


u 


311.34 


070.81 


RS & R'S' 


u» a u'v' 


B 


V 


333.07 


979.10 


ST AST 


vw&vw 


T 




338-05 


083.38 


\%W-1 





312 



A tbeausk on 



Multiplying the horizontal components of the com- 
pressions in the upper chord by the length of the m^n- 
ber, and dividing by the horizontal length of the panels, 
we obtain the following table of upper chord compres- 



sions : 



AB& 

A'B' 



BC& 
BC 



119.54 262.82 



CD& 
CD' 



418.25 



DE& 
D'E' 



528.79 



EF& 
E'F 



610.87 



FCJ& 
F'G' 



691.60 



GH& 
Q'R' 



747.00 



HI' 



798.01 



IKft 
IK' 



837.12 



KL& 
KL' 



868.51 



LM& 
LM' 



898.69 



{Continued) 



M'N' 


N0& 
NO' 


0P& 
OP' 


PQ& 
P'Q' 


QR& 
Q'R' 


RS& 
R'S' 


ST& 
ST' 

986.50 


TUA 
T'U' 


UV& 

U'V 


VW& 

V'W 


921.70 


989.22 


951.86 


966.19 


974.41 


980.52 


987.77 


984.82 


982.36 



The excess of horizontal strain in both chords of No. 
1, caused by this objectionable extension of the truss 



w 



beyond the abutments, is the quantity «7-('^ + p^)) 

amounting to 20.53 tons at the centre, increasing to 
41.38 tons at the abutments. In No. 3 this excess, 



w 



i7il — 2/?7i), is 10. tons at the centre and 18.45 tons 



at the abutments, making a total unnecessary excess of 
strain of 30.53 tons at the centre, increasing to 59.83 
tons at the abutments. 
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933. Tcrilcal Strslni ft-om Ihe Permanent Load.— 

The above tables show that under a full load the chord 
strains increase from the abutments to the centre, and 
consequently the vertical braces are struts and the in- 
clined braces ties. The figures of the Simple Trusses, 
(84), (85), and (86), show all the braces needed under a 
full or constant uniform load. If the truss supports 
only its own weight, w, the strains in the chords will be 
only one-half those given in the tables, since w is one- 
half of w' + w; and the horizontal component of the 
strain in any brace (Kn, of Simple Truss No. 1, for 
example), from the constant load, «•, will be the difference 
between the horizontal components of the strains in GK 
and KN, or, what is the same, between the strains in kn 
and nq ; hence 3p : y : : H — H' ; V, or the horizontal 
extent of any brace is to its vertical extent as the hori- 
zontal component of the strain in that brace is to its ver- 
tical component. And the compression from tlie same 
load in any vertical brace is equal to the vertical strain 
in the tie which meets that brace at the lower chord, 

less a panel weight of that load, -i, the load being con- 

Bidered as concentrated at the lower chord panel points, 
^L In this manner the following tables of the strains in 
^■te vertical struts and of the vertical components of the 
^bensions in the inclined ties from the permanent load w 



1 
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Simple Tbtjss No. 1. 



Stralna in 
Tons. 


68.96 


44.14 


80.42 


31JM) 


14.19 


8JK7 


8.68 


489 


7J0 


Tension 
in 


A'd' 




Gk& 
Q'k' 


Kn& 
K'n 


Nqft 


Qtft 
Q'V 


Twft 

T'w 


TtA 

Tt' 


Ww 


Strains in 
Tons. 


85.51 


55.8 


80.98 


17JM 


8.04 


1.08 






■ 


Compres- 
sion in 


Aa& 

A'a' 


Dd& 
D'd' 


Gr& 


Kk& 

K'k' 


Nn& 

N'n' 


Qq& 
Q'q' 









As the vertical strain in Qt is 8.27, and the load 
upon point t is -^ = 13.16, the strain in Tt is tension, 

and its amount is 13.16 — 8.27 = 4.89. The vertical 
strains in Tw and Tw = 5.26 ; the load at t^ = 13.16; 
hence 15.16 — 5;26 = 7.90 tension in Ww. 

Simple Truss No. 2. 



Strains in 
Tons. 


67.82 


88.97 


27.68 


19.87 


12.69 


6.78 


0.47 


6.87 


Tension 
in 


Cf& 

C'f 


Fi& 

F'i' 


Im& 
I'm' 


Mp& 
Afp' 


Ps& 
P's' 


St& 
S'v* 


8b& 

S's' 


Vv& 

V'v' 


Strains in 
Tons. 


78.94 


44.16 


25.81 


1452 


6.21 




. 




Compression 
in 


Cc& 
C'c' 


Ff& 
F'f 


Ii& 

rr 


Mm& 
M'm' 


Pp& 
P'p' 









There is tension in Ss and Vv, as explained after 
the previous table, because the inclined ties from their 
lower chord points do not support a panel load. 
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Simple Truss No. 3. 



Stntinsin 
Tons. 


69.01 


89.82 


27.02 


18.16 


11.06 


4.85 


2.10 


8.81 


Tenaion 
in 


Be& 
Be' 


Eh& 
E'h' 


H1& 
HT 


Lo& 
L'o' 


Or& 
Or' 


Ra& 
R'u' 


Rr& 
R'r' 


Uu& 
U'u' 


StTains in 
Tonn. 


78.94 


46.76 


26.16 


18.86 


5.00 








CompreiNdon 
in 


Bb& 
B'b' 


£e& 
E'e' 


Hh& 
H'h' 


L'l' 


Oo& 
Oo' 









The cause of the tension in Kr and Uu was explained 
before ; the compression in each end post of any simple 
trass is obviously half the weight borne by that truss. 

393. Tertical Strains ftrom a MoTlng lioad. — ^Let I — U 

represent the length of the moving load as before, ex- 
tending from one abutment to the centre of a panel of 
Simpje Truss No. 1 ; then the load on l — u is 

-- -y-(Z — u + ^\ ; divide this hy 1 + An^ which is the 
3 V 2/ 

length of the leverage of this simple truss, and multiply 
by — (Z — u — -^1+271, the distance of the centre of 

gravity of the load from the loaded abutment, and we 
have 



V = 



^ 



^/+4„^i<'-''>■-f'+'"^'-'*+f)^ *'*^ 

for the reaction of the unloaded abutment upon thift 
simple truss. 
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Taking moments around any panel point of this 
truss outside the load, x and u being measured from the 
same abutment, we have, 

H = ^ (858) 

if 

for the tension in the lower chord and the horizontal 
component of the compression in the upper chord. And 
at the next panel point of the same truss towards the 
abutment from which x is measured, 

y' 

Subtracting Eq. (359) from Eq. (358; 

H _ H' = iyW-y) + ^PV\ . (360) 

yi/ 

is the horizontal component of the brace which extends 
from X to X — 3j?, and which, since the horizontAl strain 
increases towards the end of the load, is a tie, if the 
upper end inclines towards the abutment from which x 
is measured. The vertical extent of this tie is y\ its 
horizontal extent is Sp ; hence, multiplying Eq. (360) by 
y'y the vertical extent of this tie, and dividing by its 
horizontal extent, 3p, we obtain 

v( ^(y^-y) + i\ . . . (361) 

\ Spy j 

for the vertical component of the strain in any inclined 
brace, outside the load, from a moving load, whose lower 
chord end is distant x from the unloaded abutment, 
whose vertical extent is y', y being the vertical height 
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of the truss at x. Substituting for V its value given by 
Eq (357), we have 

Substituting the values given above, this becomes 



(152 - »)• - 4.8 u + 735.2) \x(y' - y) 
28G.0032 1 I2y 



+ 1 



(363> 



The greatest strain from this equation upon any in- 
clined tie is when the load covers the point to which x 

is measured, or when u = a; £, and this strain is 

greater than the strain from the full load. 

To this strain from the moving load is to be added 
the strain from the constant load so long as the two are 
acting upon the same abutment ; but when x of Eq, 



ame panel are acting in opposite directions, and one 
intralizes its amount in the other. While Eq. (363), 

1 X greater than ~, is greater than the constant load 

tical strain, in the same panel in which the brace 
•om ir to iT — S/j is, a tie whose upper end inclines to- 
wards the abutment from which ir is measured is needed 
) support the difference in these vertical strains. 

In the following table the constant load vertical 

'ains taken from the table for Simple Truss No. 1 are 

laced with the plus sign, as we proceed from either end 

'ards the centre and beyond with the minus sign. 
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This is upon the same reasoning given before. The sum 
is the strain in the inclined brace. 



Values 
of u. 


Valuee 
of a;. 


Values 
of y. 


Values 
ofy'. 


Strains 
in Tons 

from 
MoYinf 

Load. 


Gonstand 

Load 
Vertical 
Stiains. 


Total 
Stiains 
in Tons. 


TenriflD 
in 


10 


16 


18.04 


9.92 


+49.65 


+44.14 


+08.79 




22 


28 


15^7 


18.04 


+88.06 


+80.42 


+68.48 


Ok& 
G'k' 


84 


40 


17.52 


15.57 


-1-81.88 


+21.20 


+58.08 


Knft 
K'n' 


46 


52 


18.9 


17.52 


+28.11 


+ 14.19 


■^42.80 




58 


64 


19.72 


18.9 


-h 25.28 


+ 8JW 


+83.55 


Qtft 
Q't' 


70 


76 


20. 


19.72 


+22.72 


+ 2.68 


+25.85 


Tw& 
T'w 


82 


88 


19.72 


20 


+20.16 


-2.68 


+17.58 


Wt'& 
Wt 


94 


100 


18.9 


19.72 


+17.88 


-8.27 


+ 9.56 





There is no inclined brace from T' to q' or from T 
to q, consequently the strain, 9.56 tons, is compression 
in the braces with the opposite inclinations, QV or Qt^ 
with the moving load assumed, which is certainly not 
too great. When u =106, the straiin from the moving 
load to the abutment from which it is measured, is less 
than the permanent strain in the same panel to the 
opposite abutment, and consequently no further counter- 
bracing is necessary. 

Subtracting from these strains the weight of a panel 
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*v«v^ Yf^^^M^^^^^^, «**v» xx^v/^ci^x^ 3- — ^ = 26.32 tons, 

we obtain the compression in the vertical braces con- 
nected with the lower ends of the ties, as follows : 



r 

StrainB in Tons. 

■ 


67.46 


42.16 


26.76 


15.9S 


7.23 


Comprefl8ion in 


Og & G V 


Ek & E'k' 


Nn & N'n' 


Qq & Q'q' 


Tt & T't' 



No compression in Ww. 

Under the moving load one-half of Simple Truss No. 
2 is united by the counterbraces with the opposite half 
of Simple Truss No. 3. Let the load be considered as 
extending from the abutment end of Simple Truss No. 3, 
or from left end of Fig. (87). 




Jig. 87. 

The load on Z — w is, t^ being distances from the 
right abutment to the centres of the panels of Simple 

Truss No. 2 while less than — , and when greater than 



I 



to the centres of the panels of Simple Truss No. 3, 



1^/7 P\ 



3 ; 

Dividing by the length of the leverage of the halves 
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of these two trusses, { + ^ c^d multiplying bj 
^(l — u + ^j+ n, the distance of the centre of gravity 

of the load from the loaded abutment, we have 

for the reaction of the unloaded abutment upon Simple 
Truss No. 2 when u is less than ^, and upon No. 3 

when u is greater than — . 

Substituting values in Eq. (364), we obtain by the 
same process of reasoning as in the case of Simple Truss 
No. 1, 

y_ (156-«)'-2.4« + 356 j a;(y'-y) ,) .gg.v 
^ 2791368 |-T2^ + M' ^^ ^' 

for the vertical component of the strain, from the mov- 
ing load, in any brace of Simple Truss No. 2 whose 
lower chord end is distant x from the abutment towards 

which the brace leans, while x does not exceed —, and 

beyond that point in the counterbraces of Simple Truss 
No. 3 having similar inclinations. 

In the following table the strains from the moving 
load are from Eq. (365) ; the strains from the constant 
load are from the table given before for Simple Truss 
No. 2 ; to the centre and beyond that, where they be- 
come minus, from Simple Truss No. 3. 



1 
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a 

■s 
s 

1 




at 

i 

> 


i 






Is 

f 


.5 

1 
1 


18 


34 


14.79 


:a.o7 


^41.33 


*38.97 


,m« 


Fl&Fi' 


80 


36 


16.98 


14.79 


* 88.61 


+27,68 


*"•" 


Im & IW 


49 


48 


18.6 


16.68 


* 39.81 


+ 19.37 


+48.i58 


Mp k M'p' 


S4 


60 


1S.S1 


18.50 


*20.08 


+12.09 


+88.77 


Pe It Pa' 


60 


78 


19.97 


19,51 


■f 23.42 


* 8.78 


* 30.20 


Sy li S'v' 


. TO 


84 


19.88 


19.97 


+ 20.84 


+ 0.00 


+20.84 


Vn' & V'Q 


W 


96 


1854 


19.88 


+18.04 


-4.80 


♦18.19 


CV ft Ur 


lOS 


lis 


18.04 


19.24 


+14.93 


-11.06 


t 8.87 




The compression in Or and Or', since there are no 
ties, Ko and R'o' is 3.87 tons. Beyond u = 102 no 
counterbracing is necessary. 

Subtracting from the strains a panel load, i — -^ — '-i- 

fc= 26.32 tons, we may form the following table of com- 
pressions in the vertical braces : 


Btnlna In Tddb. 


63-98 


34.97 


22.86 


12.4S 


8.88 


7.68 


Conprewton la 


U & I'V 


M'B' 


V 


SstL 

8's' 


Vv4 


Uu 



If the load be considered as extending from the 
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abutmeot end of Simple Truss No. 2, or from right end 
of Fig. (87), by Bimilar reasoning we obtain 

-----TS 



('- 



6l{l + n) i 

for the reaction of the unloaded abutment, and substi- 
tuting values, 



(152— tf)' — 36 jx(y'-y) 



+ lf - - (367) 



279.4368 ( 12y 
for the vertical component of the strain from the moving 
load in anj iDclined brace of Simple Truss No. 3 wtiose 
lower chord end is distant x from the abutment towards 
which the brace leans, while x does not exceed ^ and 

beyond that point in the counterbraces of Simple Trofls 
No. 2, having eimilar inclinations. 

The following table is prepared as were the previons 
two of the inclined brace strains : 



1 


i 
1 


■s 


i 


lil 


l|l 

¥ 




j 


14 


20 


13.05 


11.08 


+ 44.31 


+ 39.33 


+ 88.63 


Eh* El 


80 


33 10.38 


13.95 


* 35.09 


+ 37.03 


+63,11 


HIAHT 


38 


44 


18.04 


18,28 


+ 20.78 


+ 18.16 


+47.94 


Lo & Lo' 


50 


06 


19.34 


18.04 


+ 26.30 


+ 11.06 


+ 37.36 


OiAOr 


03 


118 


10.88 


19.24 


+ 33.61 


+ 14.8S 


+38.46 


RuARo' 


74 


80 


19.97 


19.88 


♦ 20.B7 





+30,97 


UVftlT' 


86 


93 


10.51 


10.S7 


+ 18.26 


-0.78 


+ 13.48 


V'a' * T» 


98 


104 


18,5 


111.51 


+ 16,16 


13.6B 


• 2.47 
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The compression in Ps and P'a', since tlirre are no 
ties, Sp and S'p' is 2.47 tons. Beyond w = 98, counter- 
bracing ia unnecessary. 

Whence the compression in the vertical braces is as 
follows : 



StnJn* in Tona. 


5T-31 


35.™ 


21.02 


11,04 


Teiuiou in 


Bh & H'h' 


LI & L'l- 


Oo t 0' 


Bt Sl EV 



The maximum vertical compressions upon the end 
struts and ties of each truss, are when the truss is fully 
loaded, and are consequently double the strains given in 
the tables for the permanent load strains ; the second 
struts receive the maximum strains at the same time. The 
maximum tensions in the central vertical braces also occur 
under the maximum load ; hence the following table : 



Stnina in 
Tom. 


171.02 


107.88 


157,88 


111.60 


o:!.50 


88,33 








Compres- 
sion in 


A»4 

A'»' 


Bb' 


0c4 

C'c' 


D'd' 


Ee 


Ft 








Stralni ia 
Tom. 


137.82 


119.82 


tllM 


4«) 


0.94 


9.78 


iB.e3 


ia.74 


IS,80 


Tcnaion 
In 


Ad£ 

Ad' 


Be& 

Be' 




Rr& 
Ut' 




TtA 

Tf 


da' 


Vv' 


Ww 



The strains which have been determined for the in- 
clined braces are the vertical components of the strains 
to which they are subject ; hence it is necessary to divide 
them by the vertical extents and multiply them by the 
lengths of the braces, which is the same as multiplying 



I 
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theni by the secants of the angles the braces make with 
a vertical line, to obtain the longitudinal strains. Pe^ 
forming this operation we may form the £3llowing table: 



Strainn in 
Tons. 


Tennion in 


Strains in 
Tons. 


Tension in 


176.71 


Ad & Ad' 


51J38 


Nq&lTq' 


178.08 


Be & Be' 


44.88 


Or & OV 


108.59 


Cf&CT 


46J31 


Pa & PV 


144.09 


Dg&D'g' 


89.74 


Qi&Q't' 


126.89 


Eh & E V 


88.55 


Ru & R'u' 


118J38 


Fi&Fi' 


85.45 


Sv & S V 


98.06 


Gk & G'k' 


29.18 


Tw & T'w 


81.70 


m & HT 


24.49 


UV & U'v 


85.08 


Im & Tm' 


24.81 


Vu' & V'u 


67.02 


Kn & K'n' 


20.49 


Wt' & Wt 


59.54 


Lo & L'o' 


18.94 


V V & Va 


59.54 


Mp & M'p' 


15:41 


U'r' 8l Ur 



Strain in Tons. 


4.65 


2.94 


11.82 


Compression in 


Or&OV 


Ps & P's' 


Qt ft QY 
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CHAPTER XIL 



THE BOLLMAN AND FISK TB0BSE8. 

KM. — Tivise trusses take their names from the design* 
■cts, and, strictly speaking, do not come within the 
definition of a truss, as given in the opening chapter. 
Each may be considered, however, as composed of a 
number of simple triangular trusses, and the determinar 
doD of the strains affecting them presents no difficulty. 

tis. The Boiiman Trail. — Let Fig. (88) represent a 
in which the only chord, AB, is horizontal, and in 



CASE I. — THE B0LL3IAH" TEU38. 




Fig. 88. 



■which the inclined braces meet the chord at its ends 
only. It is evident that the strain affecting this chord 
is compression, and that it is uniform throughout the 
length of the chord, for no brace whose strain has a 
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horizontal component meets the chord except at it« ends^ 
and that it is greatest when the truss is fally loaded. 

996. Horizontal Stralni. 

Let I = the length of the truss, 

d = the depth of the truss, or the length of 

the vertical braces, 
p = the length of a panel, or the distance 

between the vertical braces, 
w = the maximum uniform weight, both 

fixed and movable. 

Taking xnoments around a point in the centre of 
truss, and in the line of the lower ends of the vertical 
braces, the strains in the inclined braces crossing the 
centre may be disregarded, as their amounts in opposite 
directions exactly balance each other, and we have, 
therefore, 

H = ^ (366) 

is the strain in the horizontal chord. 

397. Tertical Strains In the Tertlcal Braees. — ^Thc 

vertical braces are struts, and each one can cmly support 
the maximum panel load, for no brace connects with its 
upper end to bring any greater vertical strain upon it ; 
hence its greatest strain is when it is fully loaded either 
from a full truss load or from a moving load ; therefore 

V=!^ (367) 

is the maximum strain in each vertical brace. 



TILE STRENGTH OF BRIDGES AND ROOra. 



327 



338, Verlicul StrHtn§ la tlie Inclined Braces. — Each 
vertical brace, with the inclined braces attached to its 
lower end, is, with the horizontal chord, a simple trian- 
gular truss. 

IjCt X be the distance of a vertical sti'ut from one 
abutment ; then by the principles of the lever, since 
—f. is the load upon the strut, -f- — / X (^ — tr) 

^ =!^_!f:p, . . . . (368) 

is the reaction of that abutment from which x is mea- 
sured upon the inclined brace from the lower end of the 
strut to which iF is measured, and consequently the ver- 
tical component of the strain, which is tension, in that 
^mdined brace. Similarly, 

V = 



tppx 






(369) 

is the vertical component of the strain in the otlier in- 
clined brace from the same strut. One equation only, 
iwever, is needed. 
Dividing these equations by d, the depth of the 
russ, or the vertical extent of the inclined tie, and mul- 
tiplying by the length of the tie itself, we obtain the 
longitudinal strain. 

aw. Esampic— In Fig. (88), 

Let I ~ IGO feet, the length of the truss or chord, 
d = 15 feet, the depth of the truss, 
^ = 10 feet, the length of a panel, 

240 tons, the full weight of the truss and 
of the load. 
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Therefore ~ = ^^^^^^^ = 320 tons, compression 
8d 8x15 ^ ^ 

throughout the horizontal chord. And -^ = — —-- — 

I loO 

= 15 tons, compression in each vertical strut; and 

^vp wpx _ 1 ^ 3a? 
X~"? ^^~32- 

Substituting values of a?, dividing by rf, and multi- 
plymg by the lengths of the ties, we have the following 
table of tensions in the ties : 



Values of x. 


StrainB in Tons. 


Tension in 


10 


16.09 


bA&qB 


20 


21.86 


cA& pB 


80 


27.25 


dA& oB 


40 


82.04 


eA &nB 


50 


85.89 


fA&mB 


60 


88.65 


gA & IB 


70 


40.26 


hA&kB 


80 


40.71 


iA&lB 


90 


89.92 


kA&hB 


100 


87.92 


lA&gB 


110 


84.69 


mA&fB 


120 


28.28 


nA&eB 


180 


24.54 


oA& dB 


140 


17.6 


pA&cB 


150 


• 9.42 


qA&bB 
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330. A TroH Containing an odd number of PancU.- 

Tliis truss may be divided into an odd number of panels 
or chord members, in which case, by taking moments aa 
before, we obtain for the chord strain, 
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8d 



wp 

"m' 



The strains in the braces are found from the same 
equations as in the previous case, 

asu — In practice, in the Bollman Truss, there are 
two light rods from the bottom of each truss to the tops 
of the next on either side, and a horizontal rod connect- 
ing the lower ends of the struts. 

CA3E II. — THE FINK TRU33. 

»a. The Fink TruH, — In this truss, shown in Fig. 
(89), aa in the Bollman, the single chord is subject to 
compression, the vertical braces are struts, and the in- 
clined braces ties. 



A BOD 



Rg. 8». 

OS. TerticBi siraino. — The struts attached to the 
chord at the points B, D, F, H, K, M, O, and Q, or the 
alternate struts beginning with those nest the abutments, 
each bear one panel load, since, aa no brace meets them 
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or is connected with them at the chord, they can receive 
no weight or strain except from the load immediately 
upon them. The braces from their lower ends having 
equal inclinations receive equal amounts of vertical 
strain.; or 

Let I = the length of the truss, 
p = the length of a panel, 
w = the uniform maximum load, 

then —^ is the weight upon each of these struts, and 

-^ the vertical component of the tension in each of the 

ties from their lower ends, or in all the ties in the truss 
having a horizontal extent of p, or a panel length. 

The struts from the points C, G, L, and P, have, in 
in addition to the panel load upon them, a half panel 
load from each of the inclined braces which meet them 
at the chord, and consequently are subject to a vertical 

strain of — ^ ; the inclined braces from their lower ends 

therefore have each a vertical strain -^ and a horizon- 
tal extent of two panel lengths, or 2p ; whence we form 
this rule. 

The vertical component of the strain in any tie equals 
half the panel loads in its horizontal extent ; thus nR 
has a horizontal extent of four panels, the vertical com- 
ponent of its strain is therefore -^ ; iR has a horizon- 
tal extent of eight panels, the vertical component of its 
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strain is therefore -^ ; or let n = number of panels in 

the horizontal extent of a tie, then -^^ is the vertical 

component of the strain in that tie, and this divided by 
the depth of the truss, and multiplied by the length of 
the tie, will give the longitudinal strain. 

Evidently ^^^ is the compression in the strut to 

whose lower end the tie, having a horizontal extent of n, 
is attached. 

934. Horizontal Strains. — ^The Strain in the chord 
from any tie having a horizontal extent of ^, or the 
horizontal component of the strain in that tie, is 

From the ties whose horizontal extent = 2^, 

From the ties whose horizontal extent = 4^, 

and from those whose horizontal extent = 8^, 

It is evident that all these strains affect each member 
of the chord, and that, therefore, 

wp' , 2tgp* , %vyp* , S^uip* _ 42iwp' 
idl dl "^ (U '^ dl ~ dl 
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is the uniform compression throughout the chord of a 
Fink Truss, containing sixteen panels. 

It will be noticed that general equations are not 
given for this truss, but special equations are determined 
for a truss divided, as shown in the figure ; and for a 
truss containing a different number of panels a different 
horizontal equation must be prepared It will also be 
noticed that the greatest strains are from the full load. 

935. Example.— In Fig. (89), 

Let Z = 160 feet, the length of the truss, 
d= 15 feet, the depth of the truss, 
^ = 10 feet, the length of a panel, 
w = 240 tons, the maximum uniform load. 
Hence 

m^ ^ 42^X240X10X10 ^ 42 
dl 15x160 ^ 

compression throughout the upper chord. 
For the struts, —^ = 15 », whence, 

V 



Values of n. 


1 


2 


4 


8 


Strains In 
Tons. 


15 


80 


60 


1 

120 


Compression 
In 


1 
Bb,Dd,Efr 
Hh, Kk, Mm, 
Oo,&Qq 


Cc, Gff, LI, 
&Pp 


Ee&Nn 


n 



THE STRENGTH OF BRIDGES AND ROOFS. 



333 



For the tension in the ties, -^-, divided by d and 
multiplied by their lengths, we have. 



Values of n. 


1 


2 


4 


8 


Straini in 
Toub. 


9.01 


24.41 


85.44 


825.06 


Tension in 


Ab, Cb, Cd, Ed, 

Ef,Gf,Gh,Ih, 

Ik, Lk, liin, 

Nm, No, Po, 

Pq,&Kq. 


Ac, Ec, Eg. Ig. 

U, NI, Np, & 

Rp 


Ae, le. In, & 
Rn 


Ai&Ri 
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CHAPTER Xni. 

RESISTANOE OF BfATEBIALS TO COBTBESSIOK AND TENSION. 

I. — COliPBESSION. 

336. — ^Mr. Eaton Hodgkinson, to whom we are 
almost wholly indebted for our knowledge of the 
strength of pillars and struts, divides them into three 

classes : 

1. Short pillars, whose lengths, compared with their 
diameters, is so short that they yield by crushing alone. 

2. Medium, or short flexible pillars, whose lengths, 
compared with their diameters, is such that they fedl 
partly by flexure or bending, and partly by crushing. 

3. Long flexible pillars, whose lengths are so great, 
compared with their diameters, that they fail by flexure 
or bending, like a girder subject to a transverse strain, 
the breaking weight being much less than the crushing 
weight 

337. FormulaD for the StrengUi of Pillars EmptrlcaL 

• 

—The formulas for the resistance of long pillars to 
flexure or bending are generally based upon the formulas 
for the resistance of a girder supported at both ends and 
subject to a transverse weight or pressure, although the 



THE STItENGTH OF BRIDGES AND EOOFS. 



335 



t 



latter are not altogether satisfactory, nor do they entirely 
conform to the results of experiineiit> 

The girder and the long pillar both yield from flex- 
ure, but there is a difference in the conditions of the two 
which will materially affect the formulsB for the resist- 
ance of the latter to the flexure derived from their 
resemblance. A girder, supported at both ends, and 
lubject to a transverse pressure or weight, has its great- 
jBt longitudinal strain concentrated at one point, the 
compression on one side being equal to the tension on 
the opposite, and has no longitudinal strain at the ends ; 

I but a loaded pillar or strut must sustain, in some part 
df any transverse section, throughout its whole length, 
jia amount of compression equal to the weight imposed 
bpon it. If the line of this weight coincide with the 
axis of the pillar, failure will result from crushing, 
unaffected by the length, and there is no resemblance to 
the girder ; and if, as is generally true of long pillars, 
this coincidence does not exist, the conditions of a girder 
are not immediately fulfilled, for the line of pressure 
may be nearer one side, so that the compression upon 
that side may be greater than upon the other, where the 
compression may be slight, or where there may actually 
be no strain. This may be true even with a slight bend* 
ing of the pillar. But flexure soon produces tension in 
^Bh6 convex side of the pillar, and this tension may 
^Hesemble that in a loaded girder ; that is, it may be 
^^Kreatest at one point and diminish in a certain ratio 
^Hprom that point towards the ends. It mast diminish or 
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vaoish at some point, because it cannot exist at the endj 
and it cannot vanish without neutralizing, or being Dcu 
tralized bj, an equal amount of compression ; hence it 
either lessens the compression in the concave side, or 
when tension exists in a pillar, there is present an 
amount of compression equal to the weight imposed and 
to the tension. Therefore it would seem that a long 
pillar, yielding by flexure, would more nearly resemble 
a girder bending under a uniform load, and subject to 
two equal and opposite thrusts at its ends. 

In the absence of sufficient experiment our only l 
course is to such formulae, and their modiScations d 
adaptations to different forms, empirical though they be, 
as have generally been adopted with safety, using such 
as are adapted to truss struts and chord sections, eat 
section being considered as a separate pillar. 

339. Short Wooden Pillars. — The crushing weight 
American yellow pine is given by Prof. Rankine 
5,400 pounds per square inch, and of oak as G,TO( 
These quantities seem smal>, but there is no doubt that 
the crushing weight of white pine, given by sonie 
American authors as 10,000 pounds per square inch, is 
too great. The extreme safe working load for wooden 
pillars may be put at 800 pounds per square inch 
permanent structures ; for temporary purposes this 
may be exceeded. Kondolet found tliat wooden pil 
do not yield by flexure until their length exceeds 
times their smallest diameter. The load of 800 pouni 
per square inch, however, may be carried until the 



rs O^H 
^be,^^ 
such 
eac^J 

:t>tfl 

,700^ 

that 
jonic 
^h, is 

odcQ 
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length 80 exceeds the diameter that the formula for 
flexure, given beyond, gives a less weight, which is when 
the length is about 29i times the diameter. 



V 



939. liOtiB VTooden Piiiari. — Prof. Katikine gives 
this formula for the working strength of long rectangu* 
lar wooden pillars : 

Iy^800,000W .... (3,1) 



Mere "Wis the safe working strain in pounds, 
h is the breadth in inches, 
d is the depth, or least lateral dimension, in 

inches, 
/ ia the length in inches. 



r 



Example — What is the safe working strain for a 
■wooden pillar 10 feet long, 4 inches deep, and 5 inches 
in breadth ? 

300,000x5x4- 



W = 



14400 



: 6667 pounds. 



340. Square Wooden Pillars. — " Of rectangular 
wooden pillars, it was proved experimentally, that the 
pillar of greatest strength, where the length and quantity 
of material is the same, is a square." — Hodgkinson. 

341. Solid Plllari of different Tranflvene Sectlonfl,^ 

*' It appears that the strength of (long) circular, square, 
and triangular pillars of the same quality, weight, and 
length vary as 55.299, 51.537, and 61.056, the last being 
the strongest." — Hodgkinson. 
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Or if the strength of a long, round pillar be 100, 
that of a square solid pillar will be 93, and that of a 
triangular solid pillar 110, the pillars being of ^ud 
length and transverse section. 

Ml. — The crushing strain of cast-iron is 85,000 
pounds per square inch. 

940. Tbe lioad for Can^Iron SoUd PlUars. — The 

formula for solid round cast-iron pillars, whose lengths 
exceeds 30 times their diameters, deduced from Hodg- 
kinson^ is 

W=5500|^ - ... (372) 

in which Wis the safe working load in pounds, 

c?, the diameter in inches, 

Z, the length in feet. 
Tables of the powers' of d^-^ and Z^® are given at the 
end of the chapter. 

« 

Example. — What is the safe weight for a solid pillar 
of cast-iron 10 feet long and 3 inches in diameter? 
Taking the values of 10 ^'^ and 3 " from the tables, we 
have 

^_ 6500x46,765 ^..-^ , 

^ == 42.658 = ^"^^ P""^^' 

943. The liOad for CattFlron Hollow Pillars, 
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in which W, d, and I have the same meaning as before, 
and (^ is the diameter of the inside of the pillar in 
inches. 



944. Tbe Load for Cait-lron Bcrtangalar Plllan.— 

For square solid pillars, 
9232 (Z" 



W = : 



I" 



For square hollow pillars, 
W 



9232(<^" - <^"-'') 



k^ort 



L'tangular solid pillars, 
r_9232SJ" 



■ For rectangular hollow pillars, 
-nr_ 9232(6tf"-6'(i'") 



(374) 



(875) 



(376) 



(877) 



I in which W and I have the same meaning as before; 

l^f is the outside of the square, or the least side of the 
rectangle in inches ; d' the inside of the square, or least 
inner side of the rectangle in inches ; h, the greater 
outer, and b' the greater inner dimensions of the rec- 
tuigle. 

Example — What is the safe working load for a cast- 
I'iron rectangular pillar 15 feet long, 8x12 inches out^ 
f nde meaaurement, and with sides half an inch in thick- 



840 A TSEATISI OH 

Here h' = 11, and d! = 7, whence, takingthe powon 
from the tables, 

w = 9232 (12 X 181.02 - 11 X 129,64) ^ ^^^ 

82.6093 

9l5. The lAiad for Solid Trlaagolar GmC Iroa Pil- 
lar. — ^The formula for a solid cast-iron pillar of equi- 
lateral transverse section is 

^^229U^ _ - - - (378) 
d being the side in inches. 

946. The tofe Working ILioad for Cast Iroa PillMn.^ 

In the preceding formulsB for cast-iron the safe working 
load has been put at one-fifth of the breaking weight 
Mr. Francis has put it at one-fifth, Navier at one-fifth, 
while Mr. Stoney guts it at one-fifth where there is no 
vibration, one-sixth where there is a moderate vibration, 
and one-tenth where the pillar is subject to a heavy jar. 

947. Cast Iron Pillars of other Forms. — A cast-iron 

pillar of the ■+■ form is very weak to bear a strain, less 
than one-half of the strength of a hollow cylindrical 
pillar of equal weight and length ; a pillar of the |— | 
form is stronger than the preceding, but weaker than 
the hollow cylindrical. The proportions are as follows, 
the weights and lengths being equal : 

Hollow Round, .... lOOO 

+ form, 443 

I— I form, 746 
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34S. Eqaalltr In the Thtckneas of Hollow Ptllan not 
Iinportanl. — Mr. Eodgkinson remarks that, "where 
there is an inequality in the thickness of hollow pillars 
it does not produce much diminution of strength." Mr. 
Stoney adds : "In practice, neither the excess nor the 
want of tbickneas should exceed twenty-five per cent, of 
the average thickness. If, for instance, a hollow pillar 
is specified to he one inch in thickness, then in no place 
should the metal be less than three-quarters of an inch, 
nor more than one and a quarter inch thick. 

iU9 — " In all the pillars with rounded ends, those 
with increased middles were stronger than uniform 
pillars of the same weight, the increase being about one- 

, seventh of the weight bome by the former." — Hodg- 

liimon. They were solid castriron pillars. 

9M. Formnln fbr nedlnin Pillars. — The above for- 
mulae apply to all pillars whose lengths exceed thirty 
times their external diameters (for cast-iron and timber, 
and sixty diameters for wrought iron). For pillars 
shorter than this they give too great a weight, and for 

■ such Mr. Hodgkinson has modified his formulse, from 

Lvhich we have, 



W = 



SWc 
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60W + 3c' 
I where W = the safe working load in pounds, 

W = the safe working load in pounds, derived 
from the formulie given above for long 
pillars. 
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= the crushing weight of the pillar ; that la, t 
crushing weight per square inch of tin 
mivterial, multiplied by the sectional an 
in inches. 

I. — In holloTv cast-iron pillars Mr. Hodg 
found that no additional strength was obtained by en- 
larging the diameter at the middle. Solid square pillars 
" do not break in a direction parallel to their sides, but 
to their diagonals nearly," — Hodgkirisaiu 

asSi Wrongtat Iron. — -Mr. Hodgkinsoa ^vea t^| 
crushing weight of wrought iron as 35,800 pounds per 
square inch, being much less than that o£ caatriron; 
hence a short cast-iron pillar can resist a much greater 
crushing strain than wrougfat-iron. But, as Mr. Stoney 
remarks, the strength of very long pillars depends not 
on the strength of the material, but on its stifliiesa and 
capability of resisting flexure ; hence, " although a short 
pillar of cast-iron will bear a much greater weight than 
a similar pillar of .wrought-iron, yet a very long wrought- 
iron pillar will support a greater weight than a aimilar 
one of cast-iron, as the co-efficiency of elasticity is con- 
siderably higher than that of cast-iron." 



ass. Long Solid WroDgtat Iron Pillars.— The fonno! 

for the safe working load of solid wrought-iron pifli 
is, 

. 24 967 rf" 
-J ■ 



W=^ 
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The working load being put at one-fourth the breaking 
weight ; W, d, and I having the same meaning as before. 

3S4. Hollow Wrought Iron Plllara. — ^Tbe strength per 
square inch of hollow wrought-irou pillars seem to de- 
pend greatly upon a ratio between the thickness of the 
plate and the diameter of the pillar, though this ratio is 
not satisf actorily known, Pro£ Kankine says : " The 
ultimate resistance of a square wrought-iron pillar, when 
the thickness of the plate is not less than one-thirtieth the 
t^iameter or side of the pillar, is 27,000 pounds per square 
inch." The strongest form of a hollow rectangular 
pillar is where the chief part of the material is concen- 
trated at the angles. 



I 

^B iias. Belatlvo StrengUi of Iioni Plllari. — Putting the 
^Eitrength of a long cast-iron at 1,000, the strength of 
■ similar pillars of other materials was found by Mr. 
Hodgkinson to be : 

Cast-iron, 1,000 

"Wrought-iron, .... - 1,745 

Castrsteel, 2,518 

Oak, 109 

Pine, 79 

Hence, from the forraulte for cast-iron, the strength 
f similar pillars of other materials may be found. 
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IL — ^TENSION. 

M6.— No formula is required for tensioii, since the 
strength of any member of a truss subject to a tensile 
strain varies directly as its weakest transverse section, 
and is unaffSected by the length ; hence we need only to 
know the tearing weight of different materials and the 
safe working load* 

The safe working tension for timber may be pat at 
900 pounds per* square inch of the smallest transverse 
section. 

Cast-iroQ is not suited for tension ; its tearing 
weight is 15,680 pounds per square inch, and its safe 
working load should not exceed one-sixth of this. 

The tensile strength of wrought-iron is 54,000 
pounds per square inch ; its safe working load should 
not exceed one-fourth of this. 
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TaBLK I. — PoWEBS OF LeKQTHS, OB 2'*. 



1 '-" — 1. 


B '■" _ 82.937 


17 '■••— 101.305 


a--"— 3.003 


10 '" — 42.658 


18'" — 111.197 


8'"- O.OM 


n'-" — 49.929 


19'"- 131.443 


4'-''— 0.58 


13 ■•" _ 67.43 


30 '■" - 133.033 


6 i-n — 13.782 


JS'" — 35,438 


21 '-••- 143.061 


6 '••• — 18.553 


14 '•" — 73.833 


S3 >'•* — 154.323 


7 '•« _ 23.851 


15 '■" — 62.809 


28 '-- — 105.813 


8 '■" - 39.851 


16 '■" - 91.773 


24 ' " — 177.723 



Table II. — Powers of Diameters, or d^' 



1" — 1. 


4.7S'-' 


-233.58 


8,5" — 17B0.47 


1.26" — 2.164 


5" 


— 879.51 


8.75 •■' — 1981.66 


IJ!'-' — 4.134 


6.25 •■ 


— 831J« 


9 •■• — 3187.00 


1.75" — 7.09 


6JS" 


— 890.18 


B.35"— 3407.11 


8M —11.814 


6.75 •■ 


— 455.87 


9.5 ■■' -2642.61 


2JUM_ 17.066 


8" 


-039.00 


0.75 " — 3994.13 


2,5 •■• —34.705 


6.35 •- 


— 610.35 


10 " — 316238 ■ 


3.75"— 34.488 


6.5" 


— 700.18 


10.35" -8447.73 


8" —46.765 


6.75 •■ 


— 7W.03 


10.5" —8751.13 


a.26" -61.886 


7M 


— 907.49 


10.75 " — 4078.14 


8.6" —80.313 


7.26 •■ 


-1026.06 


11 " — 4414.48 


8.75"- 102.13 


7JS" 


— 1153.85 


11.36" -4775.86 


4" —128.00 


7.75 ■■ 


— 1395.85 


n.5" -5167.64 


4J15"- 158.20 


8" 


— 1448.15 


11.75'-'— 5560,74 


4.5" —193.31 


8.25 ■ 


— 1613.83 


13 ■-■ — 5B&5.9e 
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Table III. — ^Powebs of Diahktebs, ob tf". 



I" — 1 


4.75 »••— 49.174 


8.5" —810.68 


1J86»»— 1.747 


5" — 54.90 


a75 " — 286.47 


1.5 ••» — 2.756 


5JS5"— 68.158 


9" —848.00 


1.75"— 4.052 


5.5" — 70.948 


9J35" —860.88 


2«» — 5.657 


5.75"— 79JB81 


9.6" — 87ai7 


2.25 ••• — 7.5M 


6" — 88.181 


9.75" —886.88 


2.5 >'* — 9.882 


6Ji5"— 97.654 


10" —816.88 


2.75 »•• — 12.541 


6iJ" —107.716 


lOJU"— 886.86 


8 *'* — 15.588 


6.75 " — 118J75 


10.6" — 857J85 


8-25 *•• — 19.042 


7 " — 129.642 


10.75"— 878.99 


a5»» —22.917 


7JW »•• — 141058 


11 " — 401.81 


8.75 ••• — 27.282 


7.5" —15105 


IIJU "— 484.50 


4<* —82.00 


7.75 " — 167J81 


11.5" —448.48 


4JM; »•» — 87 J837 


8" —181.02 


11.75 " — 478JM 


4.5" —42.967 


8 J25 >•• — 105.87 


12" — 49a88 



THE END. 
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Maa of railroadj and rolling stock, or the worldag of looomotives." — SdenUfie 



8 SCIENTIFIC BOOKS PUBLISHED BT 

Henrioi's Skeleton Stmotures. 

dm Cloth. $aoa 

SKELETON STBUCTUBES, especially in their Application to 
the building of Steel and Iron Bridges. By Olaus HnrBiCL 
With folding plates and diagrams. 

By presenting these general examinations on Skdeton Stmotnres, with 
particular application for Suspended Bridges, to Engineers, I Tenture to ex- 
press the hope that they will reoeiTe these theoretical results with some confi- 
dence, even although an opportunity is wanting to compaze them with practi- 
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Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of the Board of Water Commissioners. With 
59 illustrations. 

GONTBNTS. — Supply Ponds — ^The Conduit— Eidgewood Engine House and 
Pump Well — ^Bidgewood Engines — ^Foroe Mains — ^Bidgewood Beservoir— 
Pipe Distribution — ^Mount Prospect Beservoir — ^Mount Prospect Engiae 
House and Engine— Drainage Grounds — Sewerage Works — ^Appendix. 
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Kirkwood on Filtration. 

4t«. Cloth. |,Io.OO. 

POET ON THE FILTRATION OF ETVER WATEBS, for 
the Supply of Cities, ae practised in Europe, madu ta the JloFird 
of Water Comniiasionera of the City of 8t Louis. By James 1'. 
KiEKwooD. Itlustrated by 30 double-plat© engraviags. 

GoNTBNTH. — Report on Filtration — Loudon Works, General — Chelsea 
Wnter Works imd Filtow — Lumbeth Watar Works and Filturs— .South WBrk 
■ad Vamlinl] Water Works and Filters— Grand Junction Water Workii and 
Filtere— West Middleeei Water Works and FUler*— New River Water 
Works and FUterg— East London Water Works and FOters— Leicester Water 
■Works and Filters— York Water Works nnd Filters— Liverpool Water Works 
tad Fil tars— Edinburgh Water Works and Fi]t«r»— Dulitio Water Works 
Hid Filters— Perth Water Works and Filtering Gallery— Berlin Water 
Works and Filters— Hamburg Wiilor Works and Rceen-oira— Altonu Water 
Works and Filters— Tours Water Works and Filtering Canal— Angers Wal«r 
Works and Filtering: Onllerias — Mantes Water Works and Filters — Lyons 
Water Works and Filtering Galleries— Tovdouse Water Works and Filtering 
OsllHries— Harseilles Water Works nnd Filters— Genoa Water Works and 
Filtering Galleries— Leghorn Water Works and CiatemB— Wakefield WaU-r 
Works and Filters — Appendix. 



Tanner on Roll-Turning. 

1 T,il. 8vn. and 1 vol. plates. JlO.OO. 

A TREATISE ON ROIJ-TUTtNING FOR THE MANUFAC- 
TURE OF IRON. By Petkr TirsjtKB. TranflUted and adapted. 
By JoHi* B, Fkahsk, of tha Pounsylvania Steel Works. With 
us wood -cuts, Svo., together with a folio atlaa of 10 litho- 
graphed plates of Bolls, Meaeuremeutft, &c. 

" We commend this book as a clear, elaborate, and practical treatise upon 
B department of iron manufacturing operations to which it is devoted. 
states in bis preface, that for twcnty-Hvo years be has felt the 
isity of such a work, and has evidently bronght to its preparation the 
siperience, a painsufcing retard for accuracy of statement, and a 
desire to furnish information in n style readily undcrstnnd. Tho book should 
be in tho hands of every one interested, either in tlie general praetice of 
niechaiiicBl engineering, or the special branch of monufaotaring oporations te 
which the work relates.' — Amaritita .-Irfwn. 
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GUynn on the Power of Water. 

ISmo. Cloth. $1.00. 

A TREATISE ON THE POWER OF WATER, as applied to 
drive Flour Mills, and to give motion to Turbines and other 
Hydrostatio Engines. By Joseph Qlyhit, F.R. S. Third edition, 
revised and enlarged, with numerous illustrations. 



Hewson on Embankments. 

8vo. Cloth. 93.00. 

PRINCIPLES AND PRACTICE OF EMBANKING LANDS 
£nom River Floods, as applied to the Levees of the Mississippi 
By William Hewson, Civil Engineer. 

«< Thia is a valuable treatise on the prinoiples and practioe of embanking 
lands from riyer floods, as ^yplied to the Levees of the Kissiasippii, bya hig^j 
intelligent and experienoed engineer. The author says it is a first attempt 
to reduce to order and to rule the design, execution, and measurement of the 
Levees of the Mississippi It is a most useful and needed oontributum to 
scientific literature. — Phikulelphia Evening JoumaL 



on Steel. 

8vo. Cloth. $3.50. 

THE MANUFACTURE OF STEEL. By M. L. Grukkk, trans- 
latod from the French.- By Lenox Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by the 

translator. Illustrated by lithographed drawings and wood-cuts. 

« 

** The purpose of the work is to present a careful, elaborate, and at the 
same time practical examination into the physical properties of steel, as well 
as a description of the new processes and mechanical appliances for its manufac- 
ture. The information which it contains, gathered from many trustworthy 
sources, will be found of much value to the American steel manufacturer, 
who may thus acquaint himself with the results of careful and elaborate ex- 
periments in other countries, and better prepare himself for successful com- 
petition in this important industry with foreign makers. The fact that this 
volume is from the pen of one of the ablest metallurgists of the present day, 
cannot fail, we think, to secure for it a favorable consideration. — Iron Age, 
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Bauerman on Iron. 

12010. Cloth. $2.00. 
TREATISE ON THE METALLURGY OF IRON. Contain- 
ing outlines of tho Hiatory of Iron Manufaoturo, methoJa of 
Essay, and analysis of Iron Ores, procossos of manufacture of 
Iron and Steel, etc., etc. By II. Bafesuan. First American 

^ edition. Revised and enloi^ed, with an apiiendix on the llartiu 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with uuinerous wood engravings. 

" Thia ia ta im;ioittLiit addition to the atock of teohnicol works pnblubad in 
Uiia oouutry. It etnbodiM the latest (aoti, dlw»veri«, Bud procewcfl oon- 
aeotod with the muiufncture of iron and atecl, uid should bo in tho hands of 
every penon interested in the subject, as well as in all technical and sciaatifio 
libTarieo." — Seientifie Ani^iean. 



FAiicliincloss on the Slide Valve. 
8vo. Cloth. *3.00. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for proportioning the parts. By Wiujam 
S, Aucni.NCLoas, Civil and Mechanical Engineer. Designed as 
& haod-book for Mechanical Engineers, Master Mechanics, 
Drauglitsmen and Students of Steam. Eugineoring. All dimen- 
sions of the valve are found with tho greatest ease by means of 
a Printed Scale, and proportions of the Link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographic plates, together with a copperplate engraving of the 
Travel Scale. 

AH the mutters wo have mentioned are treated with a olesmeea and absence 
of niinoceBaaiy verbiage which renders the work a peculiarly ralnable one. 
The Travel Scale only roquirca to bo known to bo appreciated. Mr. A. writes 
BO ably on bis subject, we wish ho had written more, London Sn- 
ginetrinQ. 

We have never opened a work relating to steam which seemed to ui better 
oalcuUtod to give an intelligent mind a aleor anderstaudlng of the depsrt- 
ment it discosiies. — Beientifle American. 
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Slide Valve by Eooentrios, by Prof. 

O. "W, MacOord. 

4iy>. DloBtrated. Cloth, $ 

A PRACTICAL TREATISE ON THE SLIDE VALYE BY 
ECCENTRICS, examining by methods, the action of the Eooen- 
trio upon the Slide Valve, and explaining the practical pcooee- 
ses of laying out the movements, adapting the valve for i|p 
various duties in the steam-engine. For the use of Eng^eers, 
Draughtsmen, Machinists, and Students of valve motions in 
general By C. W. MacCord, A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N. J. 



Stillman^s Steam-Engiiie Indicator. 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By Paul Stillmajt. New edition. 



Bacon's Steam-Engine 

12mo. Cloth. ll.OOf Mor. $1.50. 

A TREATISE ON THE RICHARDS STEAM-ENGINE IN- 
DICATOR, with directions for its use. By Charles T. Pobtsb. 
Revised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful formulsB and 
rules for Engineers. By F. W. Bacon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. 

In thia work, Mr. Fortor^s book has been taken as the basiB, but Mr. Baoon 
has adapted it fb Amerioan Practice, and has conferred a great boon on 
American Engineers. — Artitan, 



Bartol on Marine Boilers. 

8yo. Cloth. $1.50. 

TREATISE ON THE MARINE BOILERS OF THE UNITED 
STATES. By H. H. Babtol. Illustrated. 



I 
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Grillmore's Limes and Cements. 

foni-lh Edition. BerUe'l and Enlar^d. 

Sto. Clotli. ttOO. 

PEACTICAL TREATISE ON LIMES, HYDBAUUC CE- 
MENTS, AND MORTABS. Papers on Practical Enginoering, 
U. 8. Engineer Department, No. 9, containing Reports of 
numerous experiments conducted in New York City, during tlie 
years 1858 to 1861, inclusive. By Q,. A. Oillmobb, Brig-Qeneral 
U. 8. Volunteers, and Major U. 8. Corps of Engineers. With 
numerous iUustrationa. 

" Thin work cmntainB a rpoord of certain eipenmentH nnd reseBTohea mode 
imdpr the autbority of the Engineer Bureau of the War Department from 
1S66 to 18S1, upon the various hfdranliu cemenls of the United States, and 
the materiulB for their nmnufautiire. The experiment* were carefully mode, 
and are well reported and oompilod. ' — JortrruU Frankim Itmtitutt. 



Oillmore's Coignet Baton. 



COIGNET BETON ANT) OTHER ARTIFICIAL STONE. By 
Q. A. QiLLMOBE. Plates, Views, etc. 

This irork describes with oonsiderable minnteneBii of detail the WTeral kinds 
of artifioial stone in most general use in Europe and now begiuung to be 
introduced in the United States, diacumes their properties, relative merits, 
imd cost, and describes the materials of which thej are composed. .... 
The subjeot is one of special and growing interest, and wa commend the work, 
embodfiug as it does the matured opinions of an experionced engineer and 



Williamson's Practical Tables. 

4to. Flciiblo Olotli. 12.50. 

PRACTICAL TABLES IN METEOROLOGY AND HYPSO- 
METBY, in connection with the use of the Barometar. By Col. 
B. 8. WiLLiAMBoii, U. 8. A. 



L 
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■Williamson on the Barometer. 

4to. Cloth. ii5.00. 
ON THE USE OF THE BAROMETER ON SUEVETS AXl' 
RECONNAISSANCES. Tart I. Meteorologj in ita Com)«-- 
tion with. Hypaonietry. Part 11. Barometric HypBOmetiy. I't 
R. 8. WrLLiAsiaos, Bvt Lieut.-Col. II. S. A., kajor Corpa of 
Engincere. With Hluatrative Tables and EagTarings. Paper 
Ni). 15, Professional Papers, Corps of Engineers. 

" San FaufCTSco, C\i., FV). 37, IMI. 
" Oen. A. A Huvphrrtb, Chief of EnginecTK, IT. S. Army : 

"Oenbkai., — I h&ve the honor to submit to Tou.in the following pi 
results at mj invostigntioiu in meteorology and hypoometry, made wUh fl 
Tieir of lucertaining how tax the bommeter con be used oa % reliable tt 
inent for determining BltiCodes on extended linos of survej' and r 
euices. These inTestigstions hitTe occupied the leiiuro penoitled me from UJ 
prDfemionol daties during the laet ten yean, and I hope the reaolts viU ba 
deemed of sufficient value to hsre a place ssiigned \Mtaa among the prinlH 
profesaiomd papers of the United States Carps of Engiaeers. 
" Very respeotfully, your obedient servunt, 

" H. S. WILLIAMSON. 
" BtI Lt.-Col. U. S. A, Major Corps of V. S. Enginee 



Von Cotta's Ore Deposits. 

8vo. Cloth. tiOO. 
TREATISE ON ORE DEPOSITS. By Bkhrhved Voir Com, j 
Professor of Geology in tlie Rojal School of Mines, Fraidbc 
Saxony. Tranelatcd from the second German edition, I 
Fbehebick Prisir, Jr., Mining Engineer, and rensed by t' 
author, with numerous illustrations. 

'• Prof. Von CottB of the Freiberg School of Uiues, is the andior ol * 
fapst modem treatise on ore dt^posils, and wo are heartily glad that this tif\\ 
mirable work has been translated and pobluhcd in this country. The tnuir 
lator, Mr. Frederiok Prime, Jr., a gtnduato of Froibei^. has bad in hi* work 
tho great adTantaga of a revirion by the author himaelf, who decIarcB !n a 
prefatory note that this may be considered as a new edition ^the third) o( tii> 
ovn book. 

" It is a timely and welcome contribution to the litemtnre of mining !d 
this country, and wo an> gmteful to the translator for his entOTprise and goal 
judgmeiit in undertaking it« preparation ; while we rcoogniie with equal «Df i 
diality the liberality of the author in granting both petmiasiOD and ■ 
ance." — Exlraelfrom Rmimt in Engineering and Mining Jvunn^. 
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Plattner's Blo-w-Pipe Analysis. 

Seoond edition. IteviKd. 8Vo. Cloth. ^7.50. 
PLATTNER'S MANTTAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-l'IPE. Prom 
the lost Gormun edition Eevised and enlarged. By Prof, Tn. 
BicsTER, of tho Bojal Sason Mining Academj. Translated by 
Fro£ II. B. C0BXW.U.L, Aseietant in the Columbia School of 
Mines, New York ; assisted by Jons 11. C*bwi;ll. Illustrated 
with eighty-seven wood-cuts and one Lithographic Plate. 5(50 
pages. 

" Plattner's celebrated work has long been recognized as the only oomplete 
book on BloiT-I^p« Analysii . The fourtli Oerman edition, edited by Prof. 
Riehter, fully sustBina the nputation wliich the earlier editions acquired dur- 
ing the litetlme of the author, and it is a wiiiroe of great ontiafoction to ns tn 
know that Prof. Richter has 00-operated with tho translator in iasuiiig tho 
Ameiiovk oditioa of the work, which ia in fact a. fifth edition of the original 
work, bting far more complete than the hut Qennan edition."^ — SUUman,'! 
JewiuU. 

There is nothing so complete to be found La the fnglish language. Platt- 
ner's book ia not a mero pocket edition ; it is intended as a comprehonaiTO guide 
to all that ia at present known on tho bbw-plpe, and a« such is teally ludis- 
pensablo to teachers and advanced papila. 

" Mr. ComwoU'a edition ia something more than a translation, as it oontaina 
many corrections, emendations and additions not to be fuunil in the original. 
It is a decided improvoment on the work in its German dress." — Jounml of 
AppUtd Chimiiitry. 



Egleston's Mineralogy, 

8vo. niuslrated with 84 Lithographic Platos. Cloth. #4.50. 

LECTLTIES ON DESCRIPTnT. MINERALOGY, DeUvered 
at tho School of Miaoa, Columbia College. Br Pbofessoe T. 

EoLEBTOIf, 

These lectures ore what their title indicates, the leatnres on Mineralogy 
delirered at the School of Mines of Columbia Ootl^e. They have been 
printed for the students, in order that more time might be given to the vari- 
ous methods of examining and determining minerals. The second part has 
only been printed- The first part, comprising crystallography and ph^sSoal 
mineralugy, will be printed at some future time. 
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Pynchon's Chemical Physics. 

New Edition. Revised and Enlarged. 

Giowii 8vo. Cloth* taOO. 

INTEODUCnON TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and High Schools. Illustrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. By Thomas BveeLBs Ptschov, 
M. A., Profossor of Chemistiy and the Natural Sdenoes, Trinity 
College, Hartford. 

Hitherto, no work stiitable for general use, treating of all these sahjects 
within the limits of a single Tolome, ooold be lonnd ; oonseqnently the atten- 
tion they hare receiyed has not been at all proportionate to their importance. 
It Ib believed that a book oontaining so mnoh valnable information, within lo 
small a oompass, cannot faSl to meet with a ready sale among all intelligent 
persons, while Professional men, Physicians, Kedioal Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it spedaUy 
Taluable, if not nearly indispensable, as a book of reference. 

'' We strongly recommend this able treatise to our readers as the fint 
work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description g^phic, and its typographical appearance is 
artistio. It is altogether a most excellent work." — EcleeUo Medical Journal 

** It treats fully of Photog^phy, Teleg^phy, Steam Engines, and the 
yariouB applications of Eleotriciiy. In short, it is a carefully prepared 
volume, abreast with the latest scientific discoveries and inventums.** — HBart' 
ford CouranL 

Plympton's Blow-Pipe Analysis. 

12mo. aoth. 12.00. 

THE BLOW-PIPE : A System of Instruction in its practical use 
being a graduated course of Analysis for the use of Btudents, 
and all those engaged in the Examination of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geobge W. Plympton, of the Polytechnic Institute, Brooklyn. 

" This manual probably has no superior in the English language as a text- 
book for beginners, or as a gpiide to the student working without a teacher. 
To the latter many illustrations of the utensils and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of the blow- 
pipe flame, will be especially senriceable.*' — New York Teacher, 




L I>iotionai7 of Science, Literature, aad Art. Edited by W. T. 
I Bk&kss and Bev. Geo. W. Cox. New and eolurged edition. 

"Watt's Dictionary of Chemistry. 

fi»pj>lenientary Volume, 

Byu. Cloth. $9.00. 

Thii rolume bringH tlis Reoord o( Obemioftl DiKoverf down to tlie «iid of 
l^e year 1869. iooludin^ also WTeral addltiona to, uid oorrestiona of, former 
resnlM which have nypeared in 1870 and 1871. 

*,* Complete Sets of the Work, Mew ajiil HeTJaed edition, including' abore 
lupplomenL 6 toU. Syo. Cloth. tU3.00, 



Rammelsberg's Chemical Analysis. 

8vo. Cloth. $2,25. 
™£HJIDE TO A COUBSE OF QUANTITATIVE CHEMICAL 
Hf ANALYSIS, ESPECIALLY OF MINERALS AND FUB- 
^■NACE PRODUCTS. Illustrftt^ by Examples. By C. F. 
^*' B&xifEUBEBQ. Translated by J. Towlkb, M.D. 

Thit work hat hcea truulated, and is now pabliihed expressly tor tlune 
stodenta in chemjitry vhosv time uid other studiei in coUegea do not permit 
them to enter apon the aore eluborate mud eipemire tieatiies of Freaeniiu 
and others. It is the oondenaed labor at a mister in ohomistry sad ol a prao- 
tical anslyit. 
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and Storer's Qnalitative 
Ohemioal Analysis, 

New Editionf Bevised. 

12mo. niustrated. Cloth. #1.50. 

A COMPENDIOUS MANUAL OF QUALTTATIVE CHEMI- 
GAL ANALYSIS. By Gholles W. Euot and Fkaitk H. Stobxk. 
Bevised with the Gooperatioii of the Authors, by Whjjak Eip> 
LET Nichols, Professor of Chemistiy in the Massachusetts Insti- 
tute of Technology. 

« ThlB Mannftl has great merits as a praotioal introduction to the sdeiioe 
and the art of which it treats. It contains enough of the theory and praotioe 
of qualitative analysisy ^ in the wet way,** to bring out all the reasoning in- 
Yolved in the science, and to present clearly to the student the most approved 
methods of the art. It is specially adapted lor exercises and experiments in 
the laboratory; and yet its classifications and manner of treatment are ao 
s;f8tematic and logical throughout, as to adapt it in a high d^;Tee to that 
higher class of students generally who desire an accurate knowledge of the 
practical methods of arriving at scientific facts.** — LteOieran Obaerver. 

** We wish every academical class in the land could have the benefit of the 
fifty exercises of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. We heartily commend this little volume 
to the notice of those teachers who believe in using the sciences as means of 
mental discipline." — College CourarU, 



Craig's Decimal System. 

Square 82mo. Limp. 50c. 

WEIGHTS AND MEASURES. An Account of the Decimal 
System, with Tables of Conversion for Oommercial and Scientific 
Uses. By B. F. Craig, M. D. 

" The most lucid, accurate, and useful of all the hand-books on this subject 
that we have yet seen. It gives forty-seven tables of comparison between the 
fi!Tig1iah and French denominations of length, area, capaciiy, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practical portion, which helps to make the transition as 
easy as possible, is prefixed a scientific ezx>lanation of the errors in the metric 
system, and how they may be corrected in the laboratory." — NaUon, 
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Nugent on Optics. 

12mo. aoth. »3.00 

TREATISE ON OPTICS ; or. Light and Sight, theoretically and 
practically treated ; with the application to Fine Art and Indus- 
trial PurBuita. By £. Nugisnt. With one hundred and three 

illuetrations. 

"Thi* book n of a. prsotioal rather than a theoreUcsl kind, and U de- 
signed to iiffi)rd Bocnrate and completo inlonnation to all intcrDsted in appli- 
cations of the Boionoe."— Atnim' TabU. 



Barnard's Metric System. 

8vo. Brown cloth, ♦3,01). 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 
An Address delivered before the ConTooation of the Univereity of 
the State of New York, at Albany, August, 1871. By Fbedewck 
A. P. BiRKiBit, President of Columbia College, New York City- 
Second edition &oni the Bevised edition printed for the Trustees 
of Columbia College. Tinted paper. 

" It ia tho best Bummar]' of tin? arguments in faTor of the metric weights 
*nd measures with which we are acquainted, not onlf heoause it contains in 
small apace the leading- facta of the i.'ase. but because it puts the advoeacy of 
that system on the only tenable grounda, muaely, the great conrenieDoe uf a 
dooimol notation of weight and measure as well im money, the vnlne of inter- 
nntiunnl untformity in the matter, and the fact that this motriu Byaleni is 
adopted and in general use by tho majority of civilized nations.' — The NcUton. 



The Young Mechanic. 

lliustnited. 13mo, Cloth. %\r.r). 

THE YOUNG MECHANIC. Containing dirootinna for the use 
of all kinds of loole, and for the constmctioQ of steam engines 
and mechanical models, including tho Art of Turning in Wood 
and Metal. By the author of "The Lathe and its Uses," etc 
fVonk the English edition, with corrections. 
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Harrison's Mechanic's Tool-Book, 

IZmu. ClotlL \\.m. 
10X:HANIC'S tool book, with proctic&l nilesond siigg««tioiu^ I 
for tbe use of Mactiiiiiets, Iron Workers, and others. By W. R- 1 
Uaabisok, AMooiate Bditor of the "Ajuerican Artisait." IDiutn* 
tod with 44 enj^vings. 

" This worli la apecull/ adapted to meet the wvnta of HachiuistB uid work' 
PTs in iron i^encreUj. It is nude up of thv woilt-day oxpericmoD of an i&Mli- 
gent and ingeniooa meohaiuo, who bad the (acult; of adnptintf toob \a nhmii 
purpoaei. The prtictioability of hia plana and inggastioiu an mado appBRn i 
evan to the uapractiaud eye by it seriea of wail-eiecated wood mgtaringv"— 
PhOadclphia Inquirer. 



Pope's Modern Practice of the Elec- 
tric Telegraph.. 

Seventh edition. 8to. Cloth (3.00. 
A Kand-book for Electricians and Operators. By Fbiink L. Port. 

Seventh edition. Revised and eiUarged, and fully illustrated. 
Extras from LeUa- ef Prof. 3br»e. 

" t have had time only cimorlly to ezsjnine ita oontenta, bat this "*— *" 
tion haa remitted in great gratification, eapecially at the taimcM and an{« 
judioed tone of your whole work. 

" Your illiutratod diagnuna ore admirable and boantlfollf *xe(mt«d. 

" I think all your inaCmctiona in the use of the telagtsph appanttta Jnll- i 
oiouaand oorrect, and 1 jnoet oordiolly iriah you HuooeaL* 
Extract from LtUrr ef Prof. O. W. nough, of iA« i>udl«y MmtmCmv- 

" Thrre U no other work of tbia kind in the EngUah laagnage th»l M 
taina in so iinaU a compasa aa much practical infunaution in the applicalion 
of galvanic electricity to telegraphy. It should bo in the handa of svory mu 
interested in telegiKphj, or tbe uae of Butteriea for other pnrposei. '' 

Morse's Telegraphic Apparatus. 

nioatiatfld. 8to. Cloth, $3.00. 

EXAMINATION OF THE TELEGRAPHIC APPAJIATXTS 

AND THE PROCESSES IN TELEGAPHY. By 8*ifPtt F. 

B. MoBSE, LL.D., United States CominisBioner Paris UniverMl 

Exposition, IB67. 
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Sabine's History of the Telegraph. 

ISmu. Cloth. %\.2r,. 
HISTORY AND PROGRESS OF THE ELECTEIO TELE- 
GRAPH, with Descriptions of some of the Apparatus. By 
RouBRi 81BIN-E, 0. E. Second edition, with additions. 

COKTKNTS.— L EM-ly OWmitiona of Eleotrical Pbenomona. IL Tale- 

gtaphs by Frictionai Electrioity. IH. Telegrsphs by Voltaio EleotriBiiy. 
IV. TolegTftpha hy Elpctro-MagnotUm and MiijKiieto-Elwitrioity. V. Tele- 
graphs now in aso, VI. Ovorheml Lines. VIl. Subnmrino Telegmpb Linea. 
Vin. Underground Telogmpha. IX. Atmospheric Electricity. 



Shafiher's Telegraph Manual. 
8to. Cloth, te.™. 

A COMPLETE HISTORY AND DESCRIPTION OF THE 
8EMAPHORI0, ELECTRIC, AND MAGNETIC TELE- 
GRAPHS OF EUROPE, ASIA, AFRICA, AND AMERICA, 
with 6'26 illustrations. By Tal. P. Shaffneb, of Kentucky. 

New edition. 

Culley's Hand-Book of Telegraphy. 

evo. Cloth. $5.00. 
A HAND-BOOK OF PRACTICAL TELEGRAPHY. By R. S. 
Cci-LEY, Engineer to the Electric and International Telegraph 
Company. Fourth edition, revised and enlarged. 



Foster's Submarine Blasting. 

4to. aoth. $3.G0. 

SUBMARINE BLASTING in Boston Harbor, MaesachuMtta— 
Removal of Tower and Corwin Rocks. By Jons G, Fdbtek, 
Lieutenantr^lonel of Engineem, and Brevet Majop>Oeiieral, U. 
8. Army. Illuetrated with seven plates. 
List of Pla.te8.^1. Sketuh of the Narrows. Boston Harbor, 3. 

TowDsend'a Subnisrine Drilling Maohine. and Working Veswl attsnding. 

3. Submarine Drilling Machine einiiloyed. 4. DetaLU of Drilling Maohins 

employed. 5. Curtridgoa and Tamping UBcd. 6. Fusob and Insulaled Wiies 

used. T. Portablu Friction Battery used. 
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Barnes' Submarine Warfare. 

8yo. Cloth. $5.00. 

SUBMARINE WARFARE, DEFENSIVE AND OFFENSIVE 
Comprising a full and complete History of the Invention of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the various forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, .Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut -Commander John 8. Baskes, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

" A book important to military men, and especially so to engineers and ar- 
tillerists. It consists of an examination of the various offensiTO and defensive 
engines that have been contrived for submarine hostilities, including a discus- 
sion of the torpedo system, its effects upon iron-dad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, which affords a useful history of the momentous snb- 
ject it discusses. A great deal of useful information is collected in its pages, 
especially concerning the inventions of Scholl and Vekdu, and of Jones' 
and Hunt's batteries, as well as of other similar machines, and the use in 
submarine operations of gun-cotton and nitro-glyoerine.'* — N. T. Times, 



Randall's Quartz Operator's Hand- 

Book. 



12mo. Cloth. $2.00. 



QUARTZ OPERATOR'S HAND-BOOK. By P. M. Rakpall. 
New edition, revised and enlarged. Fully illustrated. 

The object of this work has been to present a clear and oomprehensive ex- 
position of mineral veins, and the means and modes chiefly employed for the 
mining and working of their ores — ^more especially those containing gold and 
silver. 
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Mitchell's Manual of Assaying. 

Svo. Cloth. »II0.00. 

A MANUAL OF PEACTICAL ASSAYING. By Jobk MrreaEu. 
Third edition. Edited by William Crookks, F.E.8. 

In this edition ore incorporated all the late imporUuit disooTeriM in Asaay- 

ing made in thia country and abroad, and apeciol care is devoted to the very 
important Volumetric and ColoTimetric Aaaays, u well lu to the Bloir-Pipe 



Benet's Ohronoscope. 

Secoiul Kilitlitn. 

niiutrated. 4to. Cloth. #3.00. 

ELECTEO-BALLISTIC MACHINES, and t!»e Schiilte Chrono- 
soope. By Lieutenant-Culoael S. V. Benet, Captain of OrdiiEmce, 
U. 8. Army. 

OOSTEHTB. — 1. Balliatic Fendulum. 3. Q-nn Pendnlnm. 8. Use of Eleo 
tridty. 4. Nftvei" Machine. 5, Vignotti's Maohine, with Plaleo. 0. Benton's 
Eleotro-BaUiiitio Pendulum, with Plates. T. Leur'a Tro-Pendulum Maohine 
8. Schnltz'a ChronoHoope, with two Platen. 



Michaelis* Chronograph. 

4to. niustntod. Cloth. $3.00. 

THE LE BOUI-ENGft CimONOGRAPH. With three litiio- 
g^aphed folding plates of illustratiuna. By Brevet Captain. E. 
MicBARLts, First Lieutenant Ordnance Corps, U. S. Army. 

" The excellent monograph of Captain Michaelia eaters mlnately into the 
details of conatniccion nnd miuingenient, and gives tables of the times of flight 
caleulated upon a given talt of the chronometer for all distances. Captain 
Uiohaelis haa done good servioe in presenting thi« vork to his brother ofHoers, 
desnriblng, as it does, an iastrument which bids fair to be in constant use in 
our future boUistio eiperiments.' — Armg and Navy Jouriuit. 
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Silvei^mith's Hand-Book. 

Fourth EaitiQtt. 

niiutmted. ISmo. Cloth. (3.00. 

A PRACTICAL HAND-BOOK FOB MINEKS, MetaUui^isW. 
aad Aasajers, comprising the most recent improvements in t!ii 
disintegration, amalgamation, smelting, and parting of thu 
Precious Ores, with a Comprehensive Digest of the Uining 
liawe. (Jreatly augmented, reviaed, and corrected. Bj Jirur» 
SiLVEKSMirn. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. 83.00. 

One of th(> roost iroporUmt features of thia work ia that in which 
metallurgy of the prcciouD mutali ii treated of. In it the suthor hiw 
ored to embodj all the processes for the reduDtion and mnnipuUtlDii 
precious urea heretofore saccossfally employed in Gemuiny, England, Hnsicn, 
and the United Statea, together with such as have been more reoently inveDtcd. 
Bind not yet fuUy tested — oil of which are profiuely illostnted and 
comprebcngion. 



1 
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Simms' Levelling. 

8vo. Oloth. fa.so. 

A TREATISE ON THE PRINCIPLES AND I'RACTICE 0% 
IjEVF.LIiING, showing its application to purposes of Railwt 
Engineering and the Conatniction of Roads, ftc. By FaKDaifl 
W. Simms, C. E, Prom the fiiyi London edition, revised a 
corrected, with the addition of Mr. liaw's Practical Examples ft 
Setting Out Railway Curves. Blustrated with three lithogrsjA 
plates and numerous wood-outs. 

" One of the most important text--boolEii for the g:eneral anrrcyor, • 
ia Bcaroelj a quoslian connected with levelling lot which a aolution woald M 
Bought, but that would be Aatisfaotorily answered by oooaulting this ro]ua<^ 
— Mining JotimaL 

" The text-book on levelling tn molt of onr engineering sohoals and onl- 
legos."— ffnp»n«T». 

" The pnbliihen have rendered ■ anbsta.nttal aorvice to the protss^OB. 
especlnlly to the jounger momben, by bringing out the present edition al 
Mr. Simms' useful work." — Engineering. 



r 
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Eads' Naval Defences. 

4to. Cloth. #5,00. 



BY8TEM OF NAVAL DEFENCES. By Jmi. B. EiM, C. E. 
Beport to the Uoaorable Oidcoa Welles, Secretary of tlio Navy, 
I February 22, 1868, witli ten illustratiouH. 



Stuart's Naval Dry Docks. 

Twenty-four ongmriagB on steel. 

Foutth Edition. 
4to. Cluth. 10.00. 

: NAVAL DRY DOCKS OF THE UNITED STATES. 
\ By Chislrs B. Stt&bt. Engineer in Cltief of the United States 
f Navy. 

List of lUitatratione. 

\ Fomping Engine and Pnmpa — Plnn of Dry Dock and Pamp-Well ~ Soiv 
IB of T>Tj Docli — En^^e HnuBe — Iron Floating- Gate — Detaila of Floating 
Gate— IruD Turning Outc— Plan of Turning Qftta— Culvert Onte— FiUmg 
Calvert Gate*— Euyiiie Bed— Platb, PunipB. and Culvert— Engine House 
Roof— Flouting Seotionol Dock— Details of Section, and Plan of Tum-Tablea 
— Plan of Basin and Marine Railway's — Flan of Sliding Frsine, and Elevation 
of Pumpa — Hf dranlio Cylinder — Plan of Oearlng for Pnmpii and End Floats 
— Perspective View of Dock, Bniiin, and Railway — Plan of Basin of Ports- 
mondi Dry Dock — Floating Balonue Dock — Elevation of Trasses and tbe Ua- 
VAhlnerj — Penpeodve View of Balanoe Dry Dock 



Free Hand Drawing. 

Profnaaly Illnstwted, ISmo. Cloth, 75 uents. 

k GUIDE TO ORNAMENTAL, Figure, and Landscape Draw- 
I'dng, Bj an Art Student. 

OoNTBirre. — MaterialB employed in Drawing, and how to oae them — On 
I* and how to Draw them — On Shading — Concerning lines and ahadiDg, 
with appUoatlona of them to simple elementary autqecU — Skelohei from Na- 
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Minifies Mechanical Drawing. 

EigMh Jittition. 

R07&I 8td. Cloth. HOO. 

A TEXT-BOOK OF GEOMETRICAL DKAWING for the uw 
of Mechamce and Schools, in whioh the Defimttoos and BuW of 
Geometry are iamiliarly explained ; the Practical ProUeme fn" 
arranged, from the most aim])l(! to the more complex, and iu their 
description teclmieahtiea are avoided aa much as postiitilo. With 
illustrations for Drawing Plans, Seclione, and Elei-atioM ttfj 
Buildings luid Machinery; an Introdui;tion tolsometriwd DrBW-* 
ing, and an Essay on Linear Perspoctive and Shadows. Illus- 
trated with over 200 diagrams engraved on stool. ByWu. 
MiKiPiE,. Architect. Eighth Edition. With an Appeodix ou the 
Theory and Application of Colors. 
" It is tho hent vork on Drawing that wo have ever leea, and u espaitallii ^ 

text-liook of Oeometrical Draving for the use of Mochimica ttud 3rhool«. ><i 

young Hechanic, auch as a. Machinut, Engineer, Gabuiet-MakBr, Millwtighl. 

or Carpenter, should bo without iL" — ScienliJIr. Ameriean. 

•' OuBoI the moiit comprehendve worka of the kind ever publuhed, aadcMi- 

not but posseas great toJub to builders. The ityle is tit once elegant and lub- 

Btaaliol.' — Peniitylminia iTupitrer. 

" Whatever i* said is Tendered perfectly iatelligible by remariubly well- 

exeonted diagrams on steel, leaving mutliing for mere vogue mippoaitioii ; tsil 

the addition of an introd action to isometrical drawing, linear perspectiro, mil 

the projection of shodowa, winding up with a nseful index to tecbnjool tenu." 

— aiaigoai Mefhaniat' Jminuil. 

E?" The Britiah Oovemment has authorized the ose of this book in Iheii 

Bchcmla of art at Somerset House, I^ndon, and throughout tha kingdom. 



Minifie's Geometrical Drawing. I 

JViw Edition. Enlavge^l. 

12mo. Cloth. 12,00. 
GEOMETRICAL DRAWING. Abridged from the octavo editi.™. 

for the use of Schools. Illustrated with 4t( steel platM. >'«^> 

edition, enlarged. 

■■It it well adapted u a text-book of drawing to be used In onr High Sohoali . 
and Academies where this useful branch of the fine arts has been hltliarta fe 
muoh neglected." — lioUuii Jminial, 
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Bell on Iron Smelting. 

8vo. Cloth. #0.00. 
CHEMICAL PHENOMENA OF IRON SMEI,TINO. An ex- 
perimental and practical examination of the circunutanceB which 
» determine the capacity of the Blast Furnace, the Temperature 
of tha Air, and the Proper Condition of the Materials to be 
operated upon. By I. Ijowtbun Bell. 



lB wliiah take placo in every fc»t of the btut-furnace HsTe 
been iiireeti^t«d, and tlie natiiTO of orery at«p in the process, fram the Intro- 
duction of the rav materi&l into the tunuLce to the prcKluction of the pi^ iron. 
bos been o&refolly ascertained, and recorded ■□ fully th&t BJiy one in the tmds 
eui readily avail thBtngelves of the knovled^ acquired ; and ve hare no hes- 
itation in aayingf that the judiaiooB application of such knowledge will da 
much to facilitate the introduotion of arTangements which will still further 
ecoaomize foel, and at the same time permit of the quality of the resnltiiig 
metnl being maintained, if not improved. The volume is one which no prac- 
tical pig iron manufacturer con afford to be withaat if he be deairona of en- 
tering upon that competition which nowadays is essential t« progreaa. and 
in isaning such a work Mr. Bell hoa entitled himself to the beat thanka of 
oTBiy member of Iho trade."— tonrfon Mining Journal, 



King's Notes on Steam. 

Tlilrteenth Edition. 

8vo. Cloth. J2.00. 

rSSSONS AND PHACTIOAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &o., for Young Engineers, Students, and 
others. By the late W. R. King, U. S. N. Kevised by Chief- 
Elngineer J. W. Kiira, U. S. Navy. 

" This is one of tlie best, because eminently plain and practical treatlBea on 
the Sleam Engine ever published.' — Philadelphia Pretn, 

This is the thirteenth edition of a valuable work of the late W. H. King, 
U. S. N. It coalainn leasons and practical notes on Steam and the Steam En- 
gine, PropellBTB, etc. It is colculated to be of great uae to young marine en- 
gineers, Btndenta, and othere. The text ia illustrated and explained by nu- 
meroQB diagrams and representations of machinery. —Bosfon Daily Adcer- 

Teit-book at the U. S. Kaval Academy, Annapolis. 
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Burgh's Modem Marine Engineering. 

One thick 4to vol. Cloth. $25.00. Half xnoroooo. $30.00. 

MODEEN MARINE ENGINEERING, appUed to Paddle and 
Sorew Propulsion. Gonfidsting of 36 Colored Plates, 259 Practical 
Wood-out Illustrations, and 403 pages of Descriptive Matter, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; 
Messrs. R. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Rayenhill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bubga, 
Engineer. 

PniNCiPAL Contents. — General Arrangements of Engines, 11 ezampki 
— General Arrangement of Boilers, 14 examples — General Arrangement of 
Superheaters, 11 examples — ^Details of 'Oscillating Paddle Engines, 84 ex- 
amples — Condensers lor Screw Engines, both Injection and Surface, 20 ex- 
amples — Details of Screw Engines, 20 examples — Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slide 
Valve, Link Motion, 7 examples — Expansion Valves and Gear, 10 exam- 
ples — Details in General, 30 examples —Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examples In relation to the Princi- 
ples of the Marine Engine and Boiler, 83 examples. 

Ifotices of the Press, 

''Every conceivable detail of the Marine Eng^e, under all its variotu 
forms, ja profusely, and we must add, admirably illustrated by a multitude 
of engravings, selected from the best and most modem practice of the first 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existence which will bear a 
moment*s comparison with it as an exponent of the skill, talent and practical 
experience to which is due the splendid reputation enjoyed by many British 
Marine Engineers.*'— ^^I7i€^. 

" This very comprehensive work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Marine Engines, and it is 
a complete theoretical and practical treatise on the subject of Marine Engi- 
neering."— ^mmean Artisan, 

This is the only edition of thn above work with the beautifully colored 
plates, and it is out of print in England. 



Bourne's Treatise on the Steam En- 
gine. 

Ninth Edition. 

niiutrated. 4to. Cloth. flS.OO. 

TREATISE ON THE STEAM ENGINE in ita various applica- 

tions to Mines, Mills, Steam Navigatioo, Kiulwaj^s, und A^cul- 
ture, with, the thocireticaL iavestigutioDS resi>ectiiig the Motive 
Power of Iloat and tte proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical InstructionB for the Manufacture and Management of 
every species of Engine in actual use. By Johk BotrKNK, being 
the uiath. edition of " A Treatise on the Steam Enfpne," by 
the "Artisan Club." Illustrated by thirty-eight plates and five 
hundred and for^-aix wood-outs. 

As Mr. Bottme'a work haa tbo gmt merit of ftvoidiagiuuound and imma- 
turo viewB, it may cately ba consulted by oil who are renlly dedroua of ao- 
quiring' tmstworthy informatlou Dn the anbject of which it treala. During 
tha tweuty-twu years which have elapsed from the issue of the first edition, 
the improvemenU introdnued in the oonHtmctioii of the steam engine hjive 
been both DumeTOua and important, and of thess Mr. BoamB has taken care 
to point out the more prominent, and to furnish the reader with such infor- 
mation as shall enable him readily to judge of their relative valoo. Thii.edi- 
tion haa been thoroughly modernized, and made to aooord with the opinions 
aud practice of the more suooessful aogineem of the present day. All that 
the boob profeHnQs tu givo la given with ability sjid evident care. The scien- 
tiflo principles which are permanent are admirably explained, and refcrunue 
14 made to many of the more valuable of the recently introduced enginea. To 
express an opinion of the value and utility of such a. work as The Artitim 
Ctvb't Trailine on On Steam Engine, which haa peaoed through eight editions 
already, would be superfluous ; but it may bo safety stated ibat the work is 
worthy the attantiTO study of all either engaged in the manufacture of steam 
engines or interested in economizing the use of steam. — Mining Jaiimal. 

Isherwood's Engineering Precedents. 

Two VoIh. in One. Svo. Cloth. $a,(iO. 
NOINEEHINO PRECEDENTS FOR STEAM MACHINERY. 
I Arranged in the most practical and useful manner for Engineers. 
If By B. F. IsHtnwoon, OivU Engineer, U. 8. Navy. With illus- 
1 trations. 
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Ward's Steam for the MillioiL 

New and Revised JSditi4>n* 

8vo. Cloth. ll.Oa 

STEAM FOB THE MILLION. A Popular Treatise on Steam 
and its Application to the IJsefiil Arts, especially to Naviga- 
tion. By J. H. Wabd, Commander IT. S. Navy. New and re- 
vised edition. 

A most exoellesit work for the young engineer and generml reader. Many 
facts relating to the management of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the subject homa 
to the reader. — American Engineer. 



Walker's Screw Propulsion. 

8vo. Cloth. 75 cents. 

NOTES ON SCREW PROPULSION, its Rise and History. By 
Capt W. H. Walkee, U. S. Navy. 

Commander Walker's book contains an immense amount of ooncise practi- 
cal data, and every item of information recorded fully proves that the various 
points bearing upon it have been well considered previously to expressing aa 
opinion. — London Mining Journal. 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 

THE EARTH'S CRUST ; a Handy Outline of Geology. By 
David Page. 

** Such a work as this was much wanted — a work giving in clear and intel- 
ligible outline the leading facts of the sciencOy without amplification or irk- 
some details. It is admirable in arrangement, and clear and easy, and, at the 
same time, forcible in stylo. It will lead, wo hope, to the introduction of 
Crcology into many schools that have neither time nor room for the study of 
large treatises.** — 21ie Museum. 
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Rogers' O-eology of Pennsylvania. 

8 Vole- 4to. with Portfolio of Maps. Clotli, faO.OO. 
THE GEOLOGY OF PENN8YT.V-\J^^IA. A Government Sur- 
vey. With a general view of the Geology of the United States, 
Eeaays on the Coal Formation and its Fossib, and a description 
of the Coal Fields of North America and Great Britain. By 
Hehht DiBwm BooERB, Laf« Slate Qeolc^st of Pennsylvania, 
Splendidly illustrated with Plates and Engravings in the Text. 

It oertainlj fihoald be in every public library .aroughont the country, an^ 
likewiBe in tbo pOBBeesioa of all students of Geology. After the Una! sale of 
these oopiea, the work will, of course, become more valuable. 

The work (or the Iiut five yoats has been entirely oat of the market, but a 
fev copies that remained in the hamts of Prof, Sogers, in Scotland, at the 
time of hia death, are now offered to the pnhlic, nt i. price which is even 
below what it was originally sold for when first published. 



Morfit on Pure Fertilizers. 

With 36 IlluBtiativc Plates. 8vo. Cloth. f30,00. 

A PEACTICAL TREATISE ON PURE FERTILIZERS, and 

the Chemioal Conversion of Hock Guanoa, Marlstones, CoproHtes, 

and the Crude Phosphates of Lime and Alumina Generally, into 

B Valuable Producfa. By CAMrBEi.L Mokpit, M.D., F.C.S. 



Sweet's Report on Coal. 

8vD. Cloti. 13.00. 
8PECIAI. REPORT ON COAL ; showing its Distribution, Classi- 
fication, and Cost delivered over diffiirent routes to various points 
in the State of New York, and the principal oitiea on the Atlantic 
Coast By S. H. Sweitt. With maps. 



Colbum's Q-as Works of London. 

12mo , Boards. 60 oents. 
GAS WORKS OF LONDON. By Zbrah Colbubm. 
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The Usefiil Metals and their Alloys; 
ScofEren, Truran, and others. 

Sto. Bsir»ilt. (3.50. 
THE USEFTTL METALS AND THEIR ALLOYS, indudf 
MINING VENTILATION, MINING JUaiSPRUDE 
AND METALLURGIC CHEMISTRY emi.lojod ii 
aion of IRON, COPrEK, TIN, ZINC, ANTIMONY, 
LEAD ORES, with their applicattona to THE INDUS' 
ARTS. By Jons Soffrbn, Wiluah TauRis, Willlui ( 
Robert Oslabd, Wiluam F^jaBUBit, W. C. Aitkin, and ^ 

LIAJt VoSB PlWtBTT. 



Collins' XTseful Alloys. 

ISiDO. Flexible. 75 oenl* 

THE PRIVATE BOOK OF USEFUL ALLOTS and Mn 

rands for ODldsmiths, Jewellers, etc. By James E. Colliks 

Thu little book is oompiled from notea made hj the Author frcnn tbs 
pftpen of one of the lugeat uid most eminent HunifacturinK CloldBoullu knd 
Jewetlan in thii conntrr, Knd as the firm ia now no langer in Biirtence, Knd Uie 
Author is at pre«ent engaged in some other uodortiikiDg, be now offer* to the 
public the benelit of his eiperionoe, and in so doing ho begi to stste that all 
the &Uo^ eta., given in iheee [lagea may be oonfldentl^ relied on an being 
thoronghly pmctiottble. 

The Memonnda and Receipts throoghout this book are alw conpiW 
from practice, and will no doubt be found naeful to the pmotiaal jewel lM. 
—ShirU!/, Jvly, 1871. "^ 

Joynson's Metals Used in OonstruotiQ 

12mo. CloUi. 75 cents. 

THE METALS USED IN CONSTRUCTION: Iron, Bl^ 

Bessemer Metal, etc., etc. By Foahcis Heobebt Joxmmv. 

lustrated. 

" In the intereeta of praeticsJ Kuenoe, we are hound to notioe I 
and to thoBB who wiah further information, ws should eaj, tvj it 
uutlay, wo honsBtlj believe, will be oonaidered well ipent.** — SoimKf' 
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Holley's Ordnance and Armor. 

403 EDgmvings. Half Roui, tlO.IXI. HiJt BnmiA, #13.00. 

A TREATISE ON ORDNANCE AND AEMOB— Embracing 
Descriptions, Discussions, and Frofeasional Opinions conoeniing 
the Matesiax, Fasrication, Beqviirements, Capabilities, and En- 
durance of European and American Guns, for Naval, Sea Coast, 
and In>n-c1ad Warfare, and their KiFUNa, Pboibctiles, and 
BKEECH-LoADins ; also, Keaulte of Experiments against Armor, 
from Official Eecords, with an Appondii referring to Oun-Cotton, 
Hooped Guns, etc., etc. By ALEXAin>BB I^ Hou-Et, B, P. 948 
pages, 493 Engravings, and 147 Tables of Besults, etc. 

CaKTKKTS. 
Obapteb L — Standard Guns and their Pabriontion Described: Section 1. 
Hooped Ouiu; Section 2. Solid Wrought Iron GhmB; Section 3. Solid Steel 
Gmu; Secdon 4. Cutrlraa Quna. CaiPTKB IL — The Reqairementsot Guns, 
AnnoT: Section I. The Work to be done; Section 3. Heavf Shot at Low Ve- 
looitiea; SuotiaD 3. Smull Shot at High Velocitios; Section 4. ThetwoSjs- 
toDu Combined : Bection G. Breaching Idnsonry. Chapter III. — The Stmins 
and Structure of Ouna: Section I. Resistance to Elastio Freasure; Section 2. 
The Effects of Vibration; Scctioa 3. The Effaota at Heat. Coaptkh IV.— 
Oannon Uetola and Proceaiee of Fabrieatiou : Seetioa 1. Elaaticitj and Dnotil. 
itj ; BecBon 2. Coat-Iron ; Section 3. Wrought Iron ; Section 4. Steel ; Sec- 
tion 5. Bronie; Section 6. Other Alloya. Chapter V. — Rifling and Projeo- 
mes ; Standard Forms and Praotios Deaoribed ; Earl j Experiments ; The 
Oentring Sy atem ; The Oompreaaing SfBtem ; The Eipanaion Sjatem ; Armor 
Fnuohing Projectiles; Shells tor Uolten Metal; Competitire Trial of Rifled 
Onns, 1803; Dnty of Rifled Onns: OeneraL TJBea, Accuracy, Bang«. Telocity. 
Stnin, Liability of Projectile to Injury ; Firing Spberioal Shot from Rifled 
Guns; Motorial for Armor-Punching Projootilea ; Shape of Annor-Pnnuhing 
Prajeotilea; Capacity and Dcatrnctirnneaa of Shells; Elongated Shot from 
Smooth Bores; CoiidusionB ; Velocity of Projectiles (Table). Cbaptbk VL— 
Breeah-Loading Advantages and Dcfwta of the System ; Rapid Firing and 
Cooling GuuH by Machinery ; Standard Breeoh-Loaders Boscriticd. Port Sec- 
ond ; Eiperimenta against Armor ; Account of Experiments from OtBcial 
Hooorda in Chronological Order. Al'PBSDiX. — Report on the Application of 
Oun-Cott«n to Warlilie Furpoaoa — Britiah Association , 1863; Manuiooture and 
Experimoats in England ; Gone Hooped with Initial Tension — History; How 
Oons Bunt, by Wiord, Lyman's Aooelenting Gun; Endoranoe of Parrott 
•nd Whitworth Quna at Charleston ; Hooping old United States Cast-Iron 
OoD* ; Endurance and Aocuraoj of the Annstroug SO(Vp)nnder; Competitive 
Trials with T-inoh Ouiis. 
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Peirce's Analytic Mechanics. 

4to. Cloth. JI0.0O. 

SYSTEM OF ANALYTIC MnECH.VNICS. PhysicBl and CelestiiLi 
MeclianioB. B^Benjahim Feircb, Perkioa ProfesBor of AatroDoin t 
aud bUtliBioatics in Harvard UiuTersity, and Oooraltiag As- 
tronomer uf the Americaa Kphsmeiis and Naatioal Alin*fiiVi 
Dovela[Md in four syatems of Analytic Keolionics, Cdeetul 
Hecttanios, Potential Physics, and Analytic Morphology. 

" I ImTe re-exuained the memoira of the great geomotera, uid k»Te ■bind 
to MitUKiUdati) thoir lutvet reaeerohes and their mosl ex&ltod tanaa of thiragtit 
into s ooiuistcTit uid nmfonn troatiso. If I hare berebj BoooBoded in opni- 
iag to the students of my oountry a ie«4iet ameM to th«e choioa j«w^ i '. 
inlellect; it their brillianoy i> not impeiied in thia attempt to t«aet thea; :l. 
in their own ooiutellation, they illnKnte eaeh other, and maoantrntK 
a stronger light upon the names of thur diaoorerers , and, atill more. If anv 
gem vhioh I toaj have prenumed to add ia not wholly liutrelen in tlie mIIo - 
tion, I ihall feel th&t my work baa not been in vain."— £tfritcl /Vvnt At }^'- 



Burt's Key to Solar Compass. 

Secontl Edition. 
Pooket Book Form. Tuck, 13.50. 

KEY TO THE SOLAR COMPASS, and Survej-or's Companion -. 
comprising all the Rules nocessaiy for use in tho field ; also, 
Description of the Linear Surveys and Public L^Qd System of 
the United States, Notes on tiie Barometer, Su^eetiona for an 
outfit for a Survey of four months, etc., ete., etc By W. A. 
BuKT, U. 8. Deputy Surveyor. Second edition. 



Chanvenet's Lunar Distances. 

8™. Cloth. 13.00. 

NEW METHOD OF CORRECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chri)- 
nometer, by equal altitudes. By \Vm. Chaotkiikt, LL.D., Chan- 
cellor of Washington UniTersity of St. Louis. 
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Jeffers' Nautical Siirveying. 

niuatrated with Ooppeiplatca uid 3 1 Wood-out Ulustratioiu. Svo. 
Cloth. t5.0O. 

NAXmOAL STJKVEYING-. By WiuJiM N. Jepfbes, Captain 
U. 8. Navy. 

Uanj' booIcA hare been written on eiicli of the *nbjcict« trosted □( tn the 
aiztaea chapters of this work; and, to obtoin a oomplote knowledge of 
geodetio lonroj^g reqain» a prafound atadjr ot the whole range of mathe- 
ni&tical and physical Boiences; but a jeor ot preparation should render luij 
iuteUigeot offloer Pompetent to conduct a nautiiail soTTey. 

COKTKMTB.— Chapter I. Formulffi and Constanta UBotul in Surveying 
IL I>istiiictive Character □( Surveys. HL Hydrographic Surveying under 
Soil ; ot, Running Survey. IV. Hydrographio Surveying of Boate ; or, Har- 
bor Survey. V. Tides — DaftniUon of Tidal Phenomena — Tidal ObservationB. 
VI. Meaanrement of Basea — Apprupriate and DirecL VII. Measurement of 
the Ajiglea of Triangles — Azimuths — Astronamical Be&riugs. VHI. Oorreo- 
tions to be Applied to the Observed Angles. IX. Levelling — Difference of 
LeveL X Computation of the Sides of the TriangulatioQ — The Three-point 
Problem. XI. Determination of the Oeodetio Latitudes, Longitudes, and 
Azimuths, of Foinbi of a Triuigutation. XII. Summary of Subjects treated 
of in preceding Cliapters — Examples of Computation by various Formnls. 
XIJT. Projection of Charta and Plans. XIV. Aatronomioal Determination of 
I^titndo and Longitude. XV. Hagnetto Observations. XVL Deep Sea 
Soundings. XVTL Tablet for Asoertoiuing Discanoea at Scs, and a full 

List of Plates. 

Plate L Diagram Dlastrative of the Triangulation. U. Speolmon Page 
of Field Book. TTr. Running Survey of « Coast. IV. Example of a Running 
Survey from Belcher. V. Flying Surrey of an Island. VI. Survey of a 
ShoaL VII. Boat Survey of a RiTer. VIIL Three-Point Problem. IX 
Triangulation. 



Coffin's Navigation. 

Fifth Edition. 

12mo. Clotk %&.T/i. 
NAVIQATION AND NAUTICAL ASTEONOMY. Prepared 
for the use of the U. S. Naval Academy. By J. II. C. CoFFiir, 
Prof, of Astronomy, Navigation and Surveying, with 52 wood- 
cut UIustratioQS. 



Olark^s Theoretical Navigation. 

8ya Oloth. $8.00. 

THEOEBTICAL NAVIGATION AND NAUTIOAL ASTEON- 
OMY. By Lewis Clabx, Lieut-Commander, IT. 8. Na^y. Il- 
lustrated with 41 Wood-cuts, including the Yemier. 

Prepared for Use at the U. S. Naval Academy. 



The Plane Table. 

Bliistrated. 8to. Cloth. $2.00. 

ITS USES IN TOPOGRAPHICAL SURVEYING. From the 
Papers of the U. S. Coast Survey. 

Thia work gives a desoriptioxi of the Plane Table employed at the U. S. 
Coast Soryey 0£&oe, and the manner of using it. 



Pook on Shipbuilding. 

8yo. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
eluding a Chapter on Laying off on the Mould-Loft Floor. By 
Samuel M. Pook, Naval Constructor. 1 voL, Svo. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 

8vo. Cloth. $6.50. 

SPHERICAL ASTRONOMY. By F. BKiryyow, Ph. Dr. Trans- 
lated by the Author from the Second German edition. 
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Van Buren's Formulas. 

BvQ. Qoth. 12.00. 

INVESTIGATIONS OF F0EMULA8, for the Strength of the 

Iron Partfl of Steam MaoMnery. By J. D. Vak Boawi, Jr., O.K 



This ia Bu an&tjtical digonuioii of the farmolw employed by raechanical 

I engineen in determining the rupturing or orlppliiig pressure in the diflbnmt 

jHtrtB of s machine. The form ulee are founded upon the principle, thnt the 

■ different parte of a machine should be equallj strong, and are developed in 

ranee to the nltimste strength of the material in order to leave the choice 

of a factor of safety to the judgment of the deaignor.— iKICifnon't JovmiU. 



Joynson on Machine Gearing. 

»vo. Cloth. J3.00. 
THE MECHANIC'S AND STUDENT'S GTHDE in the DeBign- 
ing and Construction of General Machine Gearing, as Eccentrics, 
ScrewH, Toothed Wheels, etc., and the Drawing of Koctilineal 
and Curved Surfaces ; with Practical Bules and Details. Edited 
by Fe4J(0I8 Hebbbrt Jonrsoir. IlluBtrated with 18 folded 
plates. 

"The aim of this worli: is to be a guide to mot^hanics in the designing and 
Donstmction of general mochina-geariDg. This design it veil fulfils, being 
plainly and sensibly written, and profusely illastratAd." — ^^nday Timet. 

Bamard*s Report, Paris Exposition, 
1867. 

llliistnited. 8vo. Cloth. |5.(XI. 
EBPORT ON MACHINERY AND PROCESSES ON THE 

INDU8TELAL ARTS AND APPARATUS OF THE EXACT 

SCIENCES. By F. A. P. Baenabd, LL.D.— Paris Universnl 

Exposition, 1867. 

" Wo have in this volume the results of Dr. Barnard'* study of the Paris 
Exposition of 18fl7, in the form of an offinial Beport of the Oovemment. It 
is the most exhauatdre trentise npon modem inTentions that has appeared 
rinoe the Univenal Bihihition of 18C1, and we doubt if anything equal to it 
haa appeared this cealarj. "—Jourtuit Applied ChemUtri/. 
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Engineering Facts and Figures. 

ISmo. Cloth. <a.60 pot VoluuM:. 

AN ANNUAL REGISTER OF PBOQRESS IN MECHANI- 
CAL ENGINEERING AND CONSTRUCTION, few the TeB» 
1863-64-65-66-67-68. Fully illustrated. 6 volumes. 
Each rolnme wld Mparatdf . 



Beckwith's Pottery. 

Hyo. Cloth. H.50. 

OBSERVATIONS ON THE MATERIALS and Manufeoture of 
Terra-C-otta, Stone- Ware, Fire-Brick, Poreelaiu and Encauttic 
Tilea, with Remarks on the Frodunts exhibited at the Ldndon 
Intemational Exhibition, 1871. By AaranB Becewitb, Ciril 
Engiaeer. 
" EverytliiaK is Qotinod in thi* book wUah catnes under the liaad of Fol- 

ter7, from fine poiceUin to ordinary brick, end uaide fmn the interest vhlob 

all take in each manufactnies, the work will bo of considerablo i-&lue to 

followere of the oerainio art." — Evening Mail. 



\ 



Dodd's Dictionary of Manufactures, etc 

12ina. Clot)). t2.00. 

DICTIONARY OF MANUFAOTUEES, MINTNO, MACHI>'- 
EBY, AND THE INDUSTRIAL ARTS. By Gkouqk Dodd. 
Thia work, ft small book un a great Bntqeot, tM«U, in alpbkbeti»l it- 
rangement, of thoie nnmerooa matters wbioh oome geoenlly within the rxoge 
of maoatiKiturei and the produotire arts. The raw materials — unimal, Ti>g»- 
tsble, and mineral — whence the mannfoctured products are derived, are sua- 
oinotly noticed in connection with the procewee which tbey undeigo, but not 
as subjects of natural history. The opecationa of the Mine and the Uill, tbs 
Foundry and tbe Forge, the Factor; and the Workahjop, are pawed under (•■ 
Tiew. The principal machinee and engines, tools and apparatuo, ounceriMd la 
numolaotnring prouesaeB, ore briefiy deamibed. The soale on wliiah our cAM 
branchce of national industry are oonduoted, in legnid to viJues uid quantitln, 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. niuBtrttteci. Cloth. $5,00. 

THE CrVTL AND MIUTAEY ENGINEEES OF AMERICA. 
By (Jenemt CH*aLKs B. Stdabt, Author of " Naval Dry Docka 
of the IJnited States," etc, etc. Embellished with nine finely 
executed portraits on steel of emineDt eiig:ineors, and illustrated 
by engravings of some of the most important and original works 
conatructed in America, 

ContuniDg sketches of the Life and Works of Major Andrew Ellioott, 
James Geddee (with Portnut\ BenjamiD Wright (with Portrait], CaJivaw 
White (with Portrait), David Stanhope Bates, Nathan 8. Roberts, Gridley 
Bryant (with Portrait), Generaljoseph G. Swift, Jesse L. WillianiB (with 
Portrait',, Colonel William McReo, Samuel H. Knensa, Captain John Cbilde 
with Portrait), Fredariok Harbnch. Major David Bates Douglas (with Por- 
trait], Jonathan Knight, Benjamin H. Latrobe (with Parti&it}, Colonel Char- 
les Ellet. Jr. (With Portrait), SamncI Forrer, William Stoart Wataon, John 
A. Roebling-. 



i 



Alexander's Dictionary of "Weights 
and MeasTires. 

8vo. Cloth. $3,50. 

UNIVERSAL DICTIONARY OF WEIGHTS AND MEAS- 
TTRB8, Ancient and Modem, reduced to the standards of the 
United States of America. By J. H. Ales*sdee, New edition, 
tvol. 
" As a standard work of referenoe, thi« book should be in ererjr library ; it 

U one which we have tang wanted, and it will Bare much trouble and Te- 

searoh," — ScieiUifie, Ameriairt. 



I 



Gouge on "Ventilation. 

Thirtl Edition EntargetL 

»yo. Cloth. (2.00. 
NEW SYSTEM OF VENTILATION, which has been thoroughly 
tested onder the patronage of many distinguished persons. By 
Hkmkt A. OopQE, with many illustrations. 
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Saeltzer's Acoustics. 

12]na Cloth. |2.00. 

TREATISE ON ACOUSTICS in Conneotion with Yentihtiai. 
With a new theory baged on an important diaooveiy, of fiuaUtet- 
ing clear and intelligible sound in any building. By Auxasioe 
Saeltzer. 

" A pnustioal and very loand treatiae on a aabjeot of great importance to 
arohiteota, and one to which there haa hitherto been entirly too little attention 
paid. The anthor*a theory ia, that, by beatowing proper oare upon the point 
of Aoonttica, the reqniaite yentilation will be obtained, and ffke ^ermLr- 
Brooklyn Union, 



Myer's Manual of Signals, 

yew Mditian* Enlarged, 

12mo. 48 Plates full Roan. $5.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Brig.-Oen. 
Albert J. Mtbh, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the EebeUion. 



Larrabee's Secret Letter and 
Telegraph Code, 

18mo. Cloth. $1.00. 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. Labrabee, the original inventor of the scheme. 
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Hunt's Designs for Central Park 
Gateways. 

4to. Cloth. IS. 00. 
DESIGNS FOR THE GATEWAYS OF THE SOUTHERN 
ENTRANCES TO THE CENTRAL PAItK By Eichaw. M. 
HifST. With a description of the designs. 



Pickert and Metcairs Art of Graining. 

1 vol. iu>. Cloth. $10.00. 

THE ART OF GRjVINING. How Acquired and How rroduoed, 

with description of colors and their appUcation. By Ghables 
PicKEftT and AiiRAHAic Metcau. Beautifully illustrated with 4'2 
tinted plates of the various woods used in interior finishing. 
Tinted paper. 

The ftnthprs prweiit here the rejult of long experienoo in the pnwtipe of 
this decorative art, uid Iwal cunfident that the^ hereby offer to their hiother 
BrtiBtuiB a reliable gnlde to improvement in the praotiae of graming. 



Portrait Gallery of the War. 

60 fine Portroita on Steel. Royal 8vo. Cloth. tO,0«. 

PORTRAIT GALLERY OF THE WAR. CIVIL, MILITABY 
AND NAVAL. A Biographioal Rword. Edited by Foahk 

UOOKE. 



One Law in Nature. 

13mo. Cloth. $1.50. 

ONE LAW IN NATURE. By Capt. H. M. Lazelle, U. S. A. 
A New Corpuscular Theory, comprehending Unity of Force, 
Identity of Matter, anil its Multiple Atom Ooustitutian, applied 
to the Phyaical Affections or Modes of Enei^. 
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West Poiat Scrap Book. 

ffl) Eagrovingit and Hap. Sro. Extra ClaCk. (1>.00. 

WEST POINT SCEAi' BOOK. Being a Collection of Lwra 

Stdktis, Sonob, m-C; of tlie U. S. Military Academy. By lient. 

E. Wood, U. S. A. Beautifully printed on tinted paper. 

" It ii the work □( aeTaml dlSerant vriten, wboae namM ai« withbdd tttoB 

tba public, but wlioac ixintcibatiuua oU btur a decided flavor of theii onjfin, 

priMOrviiiK tlio ntiity ut a mUitArjr eduoation and eiperiencw. Tlie Toluoii' 

■ibounila with pon-mal iLnoudnlwi and hiunoroiia nurrBtivM, Beaaoned vilh 

nopioua n>eoiiti«iu of the atudeots' Bon)f«. and presenciDgs Ti*jd.iuid doiibtlfu 

K faithful, oihibiUon of the peculiar lurhEa oud ahudoi of WMt Foint lile."— 

..V. i: lYibuttt. ^_^ 

History of West Point. 

Second Edition. 

With 3« lUustniUoiu and Map*. Bvo. Extra Cloth. #150, 

HISTORY OF "WEST POINT. Its Military Importance during 

th« Auioricau Bovolutlon, and the Origin and PntgreBs of the U, 

S. Military Academy. By Bvt.-Major E. C. Botiitoh. -llfl 

pages. Printed on tinted pajwr. 

" Aaide from ita Talus aa aji hiatorioal reoord, the volume under notiee ia an 
onterlAiniiiK guide-buok to the Military Academy and its BunvuQdinm. Vie 
bare full details of Cadet life from the day of entraoce to that of gndnatiDn, ', 
tognthnr with doaoriptioiu of the buildinga. groundg and monomenta. tot 
tba muldtuda of thoao who have enjojed at West Point the porabined 
tiona, thU book will sive, in ita deauriptive and illuaU>t«d portion, e 
pleMure."— -VrtB Tvrk Eemiag FM. 



West Point Life. 

Oblong 8rv>, ^l roU-pagu niuetratiaDH. Cloth. |2.50. 
WEST POINT IJFE. A Poem read before the Dialectic 8 
of the United States Klilitary Academy, niiiatrated with F«a 
and Ink Sketches. By A Cadi:i. To which is added the w 
" Benny Havens, Oh ! " 
" Summer viiitora at West Poiut will especially enjoy theae illnatntloall 
and the paem itaelf may ba reg^arded aa a descriptioa of Cadet Ufa, aaaci 
from the iniiidc, by one who sppnoiates it." — 'V. Y. JourmU of Hwwwwo t . 



G-uide to West Point 

and the U. S. Uilitaty Aoademy, with Haps and Engraving. 
18mo. Blue Cloth. Flexible Covers. «1.00. 
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SILVER MINING REGIONS OF OOLORiDO, with some 
account of the different ProceBBea now being introduced for 
vorkinf: the Qgld Ores of that Temtoiy. By J. F. Wmnrsx. 
12mo. Paper. 25 cents. 

COLORADO: SCHEDULE OF ORES contributed by sundry 
peraonB to tlie Paris Univeraal Exposition of 1867, with some 
information about the Region and its Resources. By J. P. 
Whithbt, Commissioner from the Territory. 8vo. Paper, with 
Uaps. 25 cents. 






SILVER DISTRICrCS OF NEVADA. With Map. 8vo. 
Paper. 35 cents. 



ARIZONA : ITS RESOURCES AND PR0BPECT8. By Hon. 
R. C. ilcCoRMicK, Secretary of the Territory. With Uap. 8vo. 
Paper. 25 cents. 



MONTANA AS IT IS. Being a general desoription of its Re- 
sources, both Mineral and Agricultural; including a complete 
description of the face of the country, its climate, etc. Illustrated 
with a Map of the Territory, showing the different Roads and 
the location of the different Mining Districts. To which is 
appended a complete Dictionary of The Snake LAHQrAOE, and 
also of the famous Chinnook Jargon, with numerous critical and 
explanatory Notes. By QaAMviioji Stoast. 8vo. Paper. $2.00, 



RAILWAY GAUGES. A Review of the Theory of Narrow 
Gauges as appUed to Main Trunk Ijines of Railway. By Silas 
Skthuub, Qenl. Consulting Engineer. 8vo. Paper. 50 cents. 



REPORT mode to the President and Eiecntivo Board of the 
Texas Pacific Railroad. By Gen. G. P. Bdbll, Chief Engineer. 
8to. Paper. 75 cents. 
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VAN NOSTRANDS 
ECLECTIC 

ENGmBERING MAGAZINE. 

COMMENCED JANT ABT. ISOU. 

Coneista of Articles, original ond Beleptod, and uiaitar condeniutd 
from all the Kngiueering Scientific Serial Pabiicabono of Euroiie 
and America. 

The seventli TDlume of this Magazine was completed by the 
iaaue for December, 1672. 

The growing succces during the past four jreare demonstrates the 
correctness of the theory ujMin which the enterprise was foiindwi. 
Commimicatians from many eourcea prove that the MognKuts haa 
met a wide-spread want among the members of the engineering 
profession. 

A summary of scientific intelligence, selected and sifted irxna the 
great list of American and European aoienlilic juumali. ia at pres- 
ent afforded by no other means than through the pages of thifl 
Magazine. ' 

In the sixth yolume, beginning with January (1^72) atunber, 
we commenced some important improvemeuts. Each numher of 
the Magazine will hereafter contain something of value relating t>i 
each of the great departments of engineering labor. 

More space than heretofore will be devoted to short discnseiinw 
or elucidations of important formulaj, especiaUj such as have proved 
valuable in the practice of working engineers ; our facilitus tar 
odbrding such items are extensive and rapidly iniiroasing. 

The progress of great engineering works iu this countiy wiQ (m 
dnly clu-onicled. 

Selected and oondeneed articles, with their illustrations, from 
English, French, Gorman, Austrian, and Americaa sciectitic peri- 
odicals^ will contrihute to make this Mogoxiue more than ever 
valuable to the engineering professitin, and will afford a compila- 
tion witliout which the library of the working engineer will be 
incomplete- 
Issued in Monthly numbers, illustrated. Price 9^ a year in ad- 
vance ; single copies, 5Uc. 

No'ncE TO Ntw SuBSCSIBBRfi. — Fersoni coramenFing their sabicrip- 
Uona with the Eighth Vol. [Janiiary. 1873), and who are derirom ai pciwua joy 
the work from ibi oommenoeinent, will be supplied with VoIuidm t H™ III., 
IV., V, VI.. and Vn., ncillr bound in clolh, for $20.00; hilf moroww. »ai,W. 
Single Volumea to aomplebi 9eta tumiBhed, Volume L, (S.OU, clothi 47.S». 
half moroooo. Volnmei IL to VIL, fS.OO each, cbth ; fC-OO. hall marocoo ; 
tent free by mail or eipreu* on receipt of prioe. 

NoTic-K TO Ci-una, — An extra copy will be roppUed gratia 1« ercrj Clali 
of five eubecfiboTB at $5.00 each, unt in 
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